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(57) A detecting method for detecting an internal 
state of an inspective rechargeable battery (B^), said in- 
ternal state Including a deterioration state, an electricity 
storable capacity, a remaining capacity, and an internal 
resistance of said inspective rechargeable battery (83), 
comprising: (1 ) a step in which basic data (BD) of char- 
acteristics of a normal non-deteriorated rechargeable 
battery (B^) as a reference rechargeable battery for said 
inspective rechargeable battery (B^) are provided; and 
(2) a step in which for said inspective rechargeable bat- 
tery (Bg), a voltage value or/and a current value thereof 
are measured, and the measured result is compared 
with said basic data (BD) obtained in said step (1) to 
judge whether or not said inspective rechargeable bat- 
tery (Bg) is of a deterioration mode and to detect the in- 
ternal state thereof. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a detecting method for detecting internal state of a rechargeable battery and 
a detecting device suitable for practicing said detecting nnethod. The internal state here is meant to include deterioration 
state, remaining capacity (= presently stored electricity quantity = dischargeable capacity), usable capacity (= presently 
10 residual electricity quantity which is still able to operate an instrument), charging capacity, electhcity storable capacity, 
and internal resistance of said rechargeable battery. The present Invention also relates an instrument provided with 
said detecting device. The present invention includes a program of detecting said internal state of said rechargeable 
battery and a medium having said program accommodated therein which are available in said detecting method and 
said detecting device. 

15 

Prior Art 

[0002] In recent years, along with development of semiconductor elements and development of miniature, light- 
weight and high performance rechargeable batteries, mobile instruments such as portable personal computers, video 
20 cameras, digital cameras, cellular phones, and personal digital assistants including palmtop PCs have been rapidly 
progressed. 

[0003] Separately, in recent years, the global warming of the earth because of the so-called greenhouse effect to an 
increase in the content of COg gas in the air has been predicted. For instance, in themial electric power plants, thermal 
energy obtained by burning a fossil fuel is converted into electric energy, and along with burning of such fossil fuel, a 

25 large amount of CO2 gas is exhausted in the air. Accordingly, in order to suppress this situation, there is a tendency 
of prohibiting to newly establish a thermal electric power plant. Under these circumstances, so-called load leveling 
practice has been proposed in order to effectively utilize electric powers generated by power generators in thermal 
electric power plants or the like, wherein using a load conditioner having a rechargeable battery installed therein, a 
surplus power unused in the night is stored in rechargeable batteries installed at general houses and the power thus 

30 stored is used in the daytime when the demand for power is increased, whereby the power consumption is leveled. 
[0004] Separately, in recent years, electric vehicles comprising a rechargeable battery and which do not exhaust 
any polluting substances have been proposed. Besides hybrid powered automobiles in which a combination of a re- 
chargeable battery and an internal combustion engine or a fuel cell is used and the fuel efficiency is heightened while 
restraining exhaustion of polluting substances have been also proposed. As the rechargeable battery used in these 

35 electric vehicles and hybrid powered automobiles, a high performance rechargeable battery having a high energy 
density is expected to be developed. 

[OO05] Such rechargeable battery used in the mobile instrument, the load conditioner used for practicing the load 
leveling, the electric vehicle and the hybrid powered automobile typically includes a rechargeable lithium battery (in- 
cluding a lithium ion battery) in which reduction-oxidation reaction of lithium is used, a nickel-hydride rechargeable 

40 battery, a nickel-cadmium rechargeable battery, and a lead rechargeable battery. 

[0006] Incidentally, in each of the mobile instrument, the load conditioner in the load leveling, the electric vehicle and 
the hybrid powered automobile, it is important to be able to precisely detect the dischargeable capacity (the remaining 
capacity), the usable capacity and the lifetime of the rechargeable battery in orderto prevent the operation of the mobile 
instrument, the load conditioner, the electric vehicle or the hybrid powered automobile from being suddenly stopped. 

45 [0007] In order to detect the usable capacity of a rechargeable battery, there is known a method wherein the voltage 
of the battery is measured and based on the measured result, the usable capacity is estimated. 
[0008] The tenn "remaining capacity" of the rechargeable battery is meant a presently stored electricity quantity 
which can be discharged. 

[0009] The term "usable capacity" is meant a presently residual electricity quantity of the rechargeable battery with 
50 which an instrument (or apparatus) having said rechargeable battery can be still operated. The usable capacity is 
Included in the temn remaining capacity. 

[0010] Aforesaid method is applicable in the case of a lithium ion rechargeable battery whose anode material com- 
prising a cartDonous material difficult to convert into a graphite and which is distinguished from a graphite, because the 
battery voltage is gradually decreased in proportion to the quantity for the electricity to be discharged, and therefore, 
55 the presently residual electricity quantity can be detected by measuring the battery voltage. However, the method is 
not always applteable in other rechargeable batteries whose battery voltage is not gradually decreased in proportion 
to the quantity for the electricity to be discharged as in the case of the lithium ion rechargeable battery (whose anode 
comprising a graphite), where it is difficult to precisely detect the remaining capacity for the reason that the battery 
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voltage Is varied depending on the electric current flown and it Is not proportional to the quantity for the electricity to 
be discharged. Besides, in the case of a rechargeable battery whose performance has been deteriorated to close its 
lifetime, it Is extremely difficult to detect the remaining capacity. Separately, in the case of a lithium ion rechargeable 
battery whose anode material comprising a graphite series carbonous material, because the battery voltage with re- 
5 spect to the quantity for the electricity to be discharged is flat, the remaining capacity Is difficult to obtain from the 
battery voltage in accordance with the foregoing method. 

[0011] There is known other method in order to detect the remaining capacity of a rechargeable battery, wherein a 
cumulative discharged-electrlcity quantity Is memorized and the cummulatlve discharge d-electricity quantity is sub- 
tracted from a charged-electrlcity quantity to obtain a presently residual electricity quantity (that Is, a remaining capac- 

10 ity). However, this method has such disadvantages as will be described in the following. That is, the current value and 
the discharge time are necessary to be always memorized. Besides, in the case where additional charging is performed 
for the rechargeable battery which is unknown with respect to the discharge depth, although the charged-electriclty 
quantity at that time can be detected, the remaining capacity of the rechargeable battery after the rechargeable battery 
is subjected to charging cannot be precisely detected because the remaining capacity of the rechargeable battery 

15 before the additional charging is unknown. When the method is adopted in this case, because the method is to obtain 
a remaining capacity by comparing the cumulative discharged- electricity quantity with the remaining capacity prior to 
. the discharging, a large error Is likely to occur in the measurement. 
[0012] Therefore, the method Is difficult to cope with a rechargeable battery whose performance has been deterio- 
rated to close its lifetime, where it is difficult to precisely detect the remaining capacity. 

20 [001 3] Now, Japanese Unexamined Patent Publication No. 2066/1 992 discloses a method for observing the capacity 
of a lead battery in accordance with recovery characteristic of the battery voltage after pulse discharge. Japanese 
Unexamined Patent Publication No. 136774/1992 discloses a method wherein for a rechargeable battery, when the 
power source is ON, discharging is temporarily performed at a large current to detect a decrease In the battery voltage, 
the detected decrease value is compared with a prejudged battery voltage value, where when the difference is great, 

25 the residual capacity is judged to be insufficient. Japanese Unexamined Patent Publication No. 16607/1999 discloses 
a method wherein for a rechargeable battery, the battery voltage when a prescribed current is applied for a prescribed 
period of time is measured and the measured battery voltage Is collated with a previously established battery voltage- 
residual capacity corresponding table to obtain a residual capacity of the battery. However, for a rechargeable battery 
whose performance has been deteriorated to increase the internal resistance or to decrease the battery capacity, any 

30 of these methods is difficult to precisely detect the residual battery capacity. 

[0014] Separately. Japanese Unexamined Patent Publication No. 134742/1997 discloses a method wherein for a 
rechargeable battery, the internal impedance directly before reaching the discharge temrilnation voltage is measured 
by an impedance-measuring instrument while flowing an alternate current to determine whether or not the rechargeable 
battery is deteriorated with respect its performance. However, this method is not practically applicable for the reason 

35 that such impedance-measuring instrument for measuring the impedance is required to have an alternate current- 
generating circuit and because of this, the apparatus involved unavoidably becomes large-sized, and In addition, during 
when the rechargeable battery is operated, the measurement cannot be performed. 

[001 5] Under these circumstances, there is an increased demand for providing a detecting method and a detecting 
device which enable one to precisely detect the presently residual electricity quantity for any rechargeable batteries 
even when they are such that their battery capacity is decreased or their internal resistance is increased and their 
performance is deteriorated. Besides, a detecting method and a detecting device which are applicable In any recharge- 
able batteries In order to precisely detect their lifetime, i.e., deterioration of their perfonnance are expected to be 
developed. 

45 SUMMARY OF THE INVENTION 

[0016] The present invention is aimed at solving the shortcomings in the prior art in that in any of the proposed 
methods, the detection precision of the presently residual electricity quantity of the rechargeable battery is inferior. 
[0017] Another object of the present Invention is to provide a detecting method which enables one to detect the 
50 presently residual electricity quantity of any rechargeable battery at an improved precision even when the rechargeable 
battery is a rechargeable battery whose performance is deteriorated. 

[0018] A further object of the present invention is to provide a detecting device which enables one to detect the 
presently residual electricity quantity of any rechargeable battery at an improved precision even when the rechargeable 
battery is a rechargeable battery whose performance Is deteriorated. 
55 [0019] A further object of the present Invention is to provide an instrument provided with said detecting device. 

[0020] A further object of the present invention is to provide a program of detecting interna! state of said rechargeable 
battery and a medium having said program accommodated therein which are usable in said detecting method and said 
detecting device. 
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[0021] The term "internal state" is meant to include deterioration state, remaining capacity (electricity storable ca- 
pacity), usable capacity, and Internal resistance of the rechargeable battery. 

[0022] The present inventors conducted studies through experiments in order to find out a practically applicable 
detecting method capable of precisely detecting internal state of a given rechargeable battery, said internal state in- 

5 eluding the deterioration state, electricity storable capacity, remaining capacity, usable capacity, and internal resistance. 
[0023] Particularly, the experiments studies were conducted in the following manner. First, examination is conducted 
of whether or not a rechargeable battery Is normal or deteriorated with respect its performance. In the case where the 
rechargeable battery is found to have been deteriorated, prior to detecting the rechargeable battery, the deterioration 
mode is judged depending on the situation of the kind of the deterioration mode, the remaining capacity or the internal 

10 resistance is computed. 

[0024] As a result, it was found that this manner is effective in precisely detecting the internal state of the rechargeable 
battery. 

[0025] In a preferred embodiment of the present invention, for a number of normal rechargeable batteries, data of 
characteristics of these batteries are provided; based on said data, a judgment mode is established; for a given re- 

15 chargeable battery to be examined, judgment is conducted of whether the battery is short-circuited, whether the internal 
resistance of the battery is increased, and whether the electricity storable capacity is decreased respectively with 
reference to previously established standard of judgment; thereafter, depending on the state of the battery (the shut- 
down state, the charging state, or the discharging state), the extent of deterioration of the battery is grasped, and the 
remaining capacity (the presently stored electricity quantity) of the battery is computed. Thus, it is possible to detect 

20 the internal state of the battery at a high precision. 

[0026] Further, by equipping a battery module, an instrument or a machine with an apparatus designed so that a 
detecting method for detecting internal state of a rechargeable battery at a high precision according to the present 
invention can be function, it is possible to make the battery module orthe instrument or machine in which a rechargeable 
battery is used as a power source to exhibit the performance to the full. 

25 [0027] The detecting method according to the present invention comprises: 

(i) a step in which a plurality of normal non-deteriorated rechargeable batteries are provided, these batteries are 
separately subjected to charging and discharging under various temperature conditions and at various rates of 
charge or discharge where their battery voltages, and their presently stored electricity quantities (their electricity 

30 quantities capable of being discharged) or their discharging capacities are obtained, and from these factors, basic 

data are obtained; and 

(ii) a step in which for a rechargeable battery (ii-a) to be detected, the voltage value or/andthe current value thereof 
are measured, and the measured result is compared with said basic data to judge: 

35 (a) the rechargeable battery (ii-a) is short-circuited, 

(b) the internal resistance of the rechargeable battery (ii-a) is increased, 

(c) the electricity storable capacity (the quantity of electricity capable of being stored) of the rechargeable 
battery (ii-a) is decreased, 

(d) the electricity storable capacity of the rechargeable battery (ii-a) is decreased and the internal resistance 
^0 thereof is increased, or 

(e) the rechargeable battery (ii-a) is not deteriorated (nonnal). 

[0028] Here, the "nomrial rechargeable battery" means a rechargeable battery which can achieve a specification of 
performance such as a nominal capacity or the like of a product (a rechargeable battery). 
45 [0029] The "electricity storable capacity" is meant the quantity of electricity capable of being stored in a rechargeable 
battery, which is corresponding to a nominal capacity as a product. In other words, the presently stored electricity 
quantity (that is, the remaining capacity) indicates the quantity of electricity capable of being discharged from the then 
state thereof. 

[0030] In the present invention, judgment of a combination of two or more of the foregoing items (a) to (e) is also 
so Included. 

[0031] The above-described basic data includes the following factors. 

(1) For a nonnal rechargeable battery having a given open-circuit voltage (Voc). The remaining capacity (Q) [the 
presently stored electricity quantity] of the battery to the open-circuit voltage (Voc) is measured. 

Data or function fonnula of the relationship with respect to Voc(Q) or Q(Voc) of the open-circuit voltage (Voc) 
of the battery to the remaining capacity (Q) [the presently stored electricity quantity]. The function Voc(Q) is an 
open-circuit voltage function formula as a function of the remaining capacity (Q). The function Q(Voc) is a function 
fomnula of the remaining capacity (Q) as a function of the open-circuit voltage (Voc). 
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(2) For a normal rechargeable battery in a full charged state, battery voltages Vd are measured under various 
temperature conditions T and at various discharge rates Id. The charging is tentatively suspended, where the 
open-circuit voltage (Voc) is measured. Data or function formula Vd(Voc, Id, T) of the relationship of the battery 
voltages Vd to the Id, Voc and T. Or the data or function formula Vd(Q, Id, T) or Q(Vd, Id, T) computed from the 

5 data or function formula of the relationship of the Voc(Q) of the open-clrcult voltage (Voc) to the remaining capacity 

(Q) described in the above (1). 

(3) In the above (2), when the internal resistance of the battery is made to be Rd, there is established relation 
expression Vd = Voc - Id x Rd or Rd = (Voc - Vd)/ld. 

Data computed from this relation expression or function formula Rd(Voc, Id, T) or Rd(Vd, Id, T) obtained based 
10 on the data. Or the data or function formula Rd(0, Id, T) or Q(Rd, Id, T) of the internal resistance (Rd), obtained 

from the data or function formula of the relationship with respect to Voc(Q) of the open-circuit voltage (Voc) to the 
remaining capacity (Q) in the above (1). 

(4) For a normal rechargeable battery with no electricity stored therein maintained under temperature condition T, 
the rechargeable battery is subjected to charging at a charge rate (Ic), where the battery voltage (Vc) is measured, 

15 and the charging is tentatively suspended, where the open-circuit voltage (Voc) is measured. 

Data or function formula Vc(Voc, Ic, T) of the relationship of the battery voltage (Vc), the open-circuit voltage 
(Voc), and the charge rate (Ic). Or data or function formula Vc{Q, Ic. T) or Q(Vc, Ic, T) of the battery voltage (Vc), 
computed from the data or function formula Voc(Q) with respect to the open-circuit voltage (Voc) to the remaining 
capacity (Q) in the above (1). 

20 (5) In the above (4), when the internal resistance of the battery is made to be Rc, there is established relation 

expression Vc = Voc + Ic x Rc or Rc = (Vc - Voc)/lc. 



[0032] Data computed from this relation expression or function formula Rc(Voc, Ic, T) obtained based on the data. 
Or data orfunctlon fonnula Rc(Q, lc,T) or Q(Rc, Ic, T) of the internal resistance (Rc), obtained from the data or function 
25 formula of the relationship with respect to Voc(Q) of the open-circuit voltage (Voc) to the remaining capacity (Q) in the 
above (1). 

[0033] The foregoing basic data comprises at least data or a function formula selected from the above (1 ) to (5). 
[0034] According to the detecting method for detecting internal state of a rechargeable battery in the present inven- 
tion, on the basis of the foregoing basic data or function formulas and in accordance with a prescribed judgment mode 
30 while referring to information selected from the open-circuit voltage, battery voltage and internal resistance of a re- 
chargeable battery to be detected in a shutdown state, a charging state, or a discharging state, it is possible to precisely 
detect the internal state of rechargeable battery. 

[0035] In the present invention, it is assumed that the transient battery voltage when the charge rate or the discharge 
rate is changed can be expressed by an exponential function e"^^ ( with e being the base of the natural constant, t 

35 being a time, and t being a time constant which is decided by the impedance or the like of the battery), and based on 
the function, the internal resistance, an increase ratio of the internal resistance, and a decrease ratio of the electricity 
storable capacity are computed, whereby the remaining capacity (the dischargeable capacity) can be obtained. 
[0036] Further, in the detecting method of the present invention, by computing the remaining capacity which is 
reached to the minimum voltage (the lowest operating voltage) required in order to operate an equipment in which a 

40 rechargeable battery is used as a power source and referring to the consumed current or the consumed power of the 
equipment, it is possible to find out the residual operating time of the equipment. By this, it is possible that sudden 
stoppage of the operation of the equipment is avoided in advance and at a suitable occasion, replacement of the 
rechargeable battery by a new rechargeable battery or charging for the rechargeable battery is performed. 
[0037] Thus, the present invention provides a detecting method and a detecting device which enable one to detect 

4s internal state of a rechargeable battery at a high precision. According to the present invention, it is possible to readily 
control a power source of an equipment or an apparatus in which the rechargeable battery is used as the power source. 
In addition, it is possible to readily find out the residual operating time of the equipment or apparatus, thetiming required 
to charge the power source, and the timing required to replace the rechargeable battery by a new rechargeable battery. 
Further, by adding the detecting device of the present invention to a battery module, a charger, an equipment or a 

30 apparatus In which a rechargeable battery is used as a power source, it is possible that the perfornnance of the re- 
chargeable battery as the power source is exhibited to the utmost limit. In addition, it is possible to make the equipment 
or apparatus to efficiently operate so as to maximize the function. Further, by adding the detecting device of the present 
invention to an inspection equipment to detemnine whether a rechargeable battery product is good or not good prior 
to shipping, shipment inspection for a rechargeable battery product can be performed at a high precision. 

55 [0038] According to the present invention, the energy which a rechargeable battery possesses can be used to the 
full, and it makes it possible to desirably prolong the operating time of an instrument in which a rechargeable battery 
Is used as the power source. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] FIG. 1 shows a flow chart illustrating an embodiment of a detecting method for detecting internal state of a 
rechargeable battery in the present invention. 

[0040] FIG. 2 shows an example of a flow chart of steps of judging the presence or absence of short-circuit in a 
rechargeable battery which Is out of operation. 

[0041] FIG. 3 shows an example of a flow chart of steps in the detecting method, wherein discharging operation is 
perfomied for a rechargeable battery from the time when the rechargeable battery is in a shutdown state, where judg- 
ment is conducted of whether the rechargeable battery is normal, whether the Internal resistance is increased or wheth- 
er the electricity storable capacity is decreased. 

[0042] FIG. 4 shows an example of a flow chart of steps for computing an increase in the internal resistance of the 
rechargeable battery in FIG. 3, wherein it is judged whether the internal resistance is increased. 
[0043] FIG. 5 shows an example of a flow chart of steps for computing a decrease in the electricity storable capacity 
of the rechargeable battery in FIG. 3, wherein it is judged whether the electricity storable capacity is decreased. 
[0044] FIG. 6 shows an example of a flow chart of steps, wherein charging operation is performed for a rechargeable 
battery from the time when the rechargeable battery is in a shutdown state, where judgment is conducted of whether 
the rechargeable battery is normal, whether the internal resistance is increased or whether the electricity storable 
capacity is decreased. 

[0045] FIG. 7 shows an example of a flow chart of steps for computing an increase in the Internal resistance of the 
rechargeable battery in FIG. 6, where judgment is conducted of whether the internal resistance is increased. 
[0046] FIG. 8 shows an example of a flow chart of steps for computing an increase in the internal resistance of the 
rechargeable battery in FIG. 6, where judgment is conducted of whether the electricity storable capacity is decreased. 
[0047] FIG. 9 shows an example of a flow chart illustrating procedures of judging the presence or absence of short- 
circuit in a rechargeable battery for which charging operation is terminated. 

[0048] FIG. 10 shows an example of a flow chart wherein for a rechargeable battery which is engaged in constant 
current-constant voltage charging, judgment is conducted of whether the rechargeable battery is normal, whether the 
intemal resistance is increased or whether the electricity storable capacity is decreased. 

[0049] FIG. 11 shows an example of a flow chart wherein for a rechargeable battery in a charged state and which is 
controlled with respect to a change in the battery voltage change or the battery temperature, judgment is conducted 
of whether the rechargeable battery is nomnal, whether the internal resistance is increased or whether the electricity 
storable capacity is decreased. 

[0050] FIG. 12 shows an example of a flow chart wherein for a rechargeable battery which is engaged in constant 
current charging, judgment is conducted of whether the rechargeable battery is normal, whether the internal resistance 
is increased or whether the electricity storable capacity is decreased. 

[0051 ] FIG. 1 3 shows an example of a flow chart wherein for a rechargeable battery which is engaged in discharging, 
judgment is conducted of the presence or absence of short-circuit in the rechargeable battery. 

[0052] FIG. 1 4 shows an example of a flow chart wherein for a rechargeable battery which is engaged in discharging, 
judgment is conducted of whether the rechargeable battery is normal, whether the internal resistance is increased or 
whether the electricity storable capacity is decreased. 

[0053] FIG. 15 shows an example of a flow chart of steps for computing the internal resistance of the rechargeable 
battery in FIG. 14, where judgment is conducted of whether the internal resistance is increased. 
[0054] FIG. 16 shows an example of a flow chart of steps for computing the internal resistance and the electricity 
storable capacity of the rechargeable battery In FIG. 1 4, where judgment is conducted of whether the electricity storable 
capacity is decreased. 

[0055] FIG. 1 7 shows a flow chart illustrating details of the interrupt routine during the charging in FIG. 1 5 and FIG. 16. 
[0056] FIG. 18 shows a graph (1) [FIG. 18(1)], a graph (2) [FIG. 18(2)]. and a graph (3) [FIG. 18(3)] respectively of 
a normal rechargeable battery, where said graph (1 ) is of an example for the relationship of the open-circuit voltage to 
the remaining capacity, said graph (2) is of an example for the relationship of the battery voltage (the charging voltage 
or the discharging voltage) to the remaining capacity, and said graph (3) is of an example for the relationship of the 
open-circuit voltage and the intemal resistance to the remaining capacity. 

[0057] FIG. 19 shows a graph (1) [FIG. 19(1)], a graph (2) [FIG. 19(2)], and a graph (3) [FIG. 1 9(3)]respectively of 
a nomrial rechargeable battery, where said graph (1) is of an example for the relationship of the battery voltage at a 
given discharge rate to the remaining capacity, said graph (2) is of an example for the relationship of the battery voltage 
(the discharging voltage) at a given battery temperature to the remaining capacity, and said graph (3) is of an example 
for the relationship of the open-circuit voltage and the battery voltage to the remaining capacity, which comprises one 
at an initial stage, one at a middle stage and one at an end stage respectively of the discharging operation. 
[0058] FIG. 20 shows a graph of an example of a change with the passage of time in the open-circuit voltage of a 
rechargeable battery which is short-circuited and a rechargeable battery which is not short-circuited. 



6 



t « 

EP1 158 306 A2 

[0059] FIG. 21 shows a graph (1) [FIG. 21(1)], a graph (2) [FIG. 22(2)]. and a graph (3) [FIG. 21(3)], where said 
graph (1) is of an example for the relationship between the internal resistance of a rechargeable battery (a) whose 
internal resistance having been increased and the internal resistance of a normal rechargeable battery (b) respectively 
in relation to the remaining capacity, said graph (2) is of an example for the relationship between the battery voltage 
5 (upon discharging) of the rechargeable battery (a) and the battery voltage (upon discharging) of the rechargeable 
battery (b) respectively in relation to the remaining capacity, said graph (3) is of an example for the relationship between 
the battery voltage (upon charging) of the rechargeable battery (a) and the battery voltage (upon charging) of the 
rechargeable battery (b) respectively in relation to the remaining capacity. 

[0060] FIG. 22 shows a graph (1) [FIG. 22(1)], and a graph (2) [FIG. 22(2)], where said graph (1) is of an example 
10 for the relationship between the open-circuit voltage of a normal rechargeable battery (a) and the open-circuit voltage 
of a rechargeable battery (b) whose electricity storable capacity having been decreased respectively in relation to the 
remaining capacity, and said graph (2) is of the rechargeable battery (b) and it is of an example for the relationship of 
the open-circuit voltage, the battery voltage upon charging and the battery voltage upon discharging respectively in 
relation to the remaining capacity. 
15 [0061] FIG. 23 shows a graph with respect to a normal rechargeable battery and which illustrates an example for 
the relationship of the open-circuit voltage and the battery voltage upon charging to the remaining capacity, and in said 
graph, there is together shown a usable region of energy with which an instrument can use in practice. 
[0062] FIG. 24 shows a graph with respect to a normal rechargeable battery (a) and a rechargeable battery (b) whose 
electricity storable capacity having been decreased and which illustrates an example for the relationship between the 
20 battery voltage upon discharging to the remaining capacity for the battery (a) and the battery voltage upon discharging 
to the remaining capacity for the battery (b), and in said graph, there is together shown an example of a relationship 
between the usable capacity of the battery (a) and that of the battery (b), which make it possible to use an instrument 
in practice. 

[0063] FIG. 25 shows a graph (1) [FIG. 25(1)], and a graph (2) [FIG. 25(2)], where said graph (1) is for a rechargeable 
25 battery which has been subjected to constant current pulse discharging from its shutdown state and it shows a curve 
for an example of the relationship between the battery voltage and the current with the passage of time, and said graph 
(2) is also for said rechargeable battery and it shows a curve for an example of the relationship between a transient 
performance of the battery voltage and an extrapolation voltage obtained from an equation of time constant. 
[0064] FIG. 26 shows a graph (1 ) [FIG. 26(1 )], and a graph (2) [FIG. 26(2)], where said graph (1 ) is for a rechargeable 
30 battery which has been subjected to constant current pulse charging from its shutdown state and it shows a curve for 
an example of the relationship between the battery voltage and the current with the passage of time, and said graph 
(2) is also for said rechargeable battery and it shows a curve for an example of the relationship between a transient 
perfomriance of the battery voltage and an extrapolation voltage obtained from an equation of time constant. 
[0065] FIG. 27 shows a graph for an example of the relationship between the battery voltage of a rechargeable 
35 battery upon constant current charging and a change with the passage of time in the open-circuit voltage of the battery 
after the charging operation is terminated. 

[0066] FIG. 28 shows a graph (1) [FIG. 28(1 )], and a graph (2) [FIG. 28(2)], where said graph (1) is for a rechargeable 
battery which has been subjected to constant current pulse discharging from its shutdown state and it shows a curve 
for an example of a change with the passage of time in the battery voltage, and said graph (2) is also for said recharge- 
^ able battery and it shows a curve for an example of a change with the passage of time in the discharge rate. 

[0067] FIG. 29 is a schematic diagram illustrating an example of a detecting device for detecting internal state of a 
rechargeable battery in the present invention. 

[0068] FIG. 30 is a schematic diagram illustrating an embodiment in which a combination of the detecting device 
shown in FIG. 29 and a rechargeable battery is installed in a battery pack (module). 
45 [0069] FIG. 31 is a schematic diagram illustrating an example of an apparatus in which the detecting device shown 
in FIG. 29 is connected to a plurality of rechargeable batteries in the present invention. 

[0070] FIG. 32 shows a graph of a change with the passage of time in the battery voltage when a commercially 
available lithium ion rechargeable battery whose nominal capacity is 1300 mAh was subjected to constant current- 
constant voltage charging and thereafter, a cycle of conducting discharging operation and pausing the discharging 
50 operation was repeated. 

[0071] FIG- 33 shows a graph for the results obtained in FIG. 32, where said graph illustrates the relationship between 
the battery voltage upon the discharging to an integrated discharging capacity from the data upon the discharging and 
the open-circuit voltage upon pausing the discharging operation. 

[0072] FIG. 34 shows a graph for a commercially available lithium ion rechargeable battery whose nominal capacity 
55 is 1300 mAh having been 100% charged, where said graph indk^ates the relationship of the battery voltage to an 
integrated discharging capacity when the discharge rate is changed. 
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DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

[0073] In order to achieve the foregoing objects of the present invention while solving the shortcomings in the prior 
art. the present inventors performed experimental studies. As a result, there was obtained the following finding That 
IS, a plurality of nonnal rechargeable batteries were separately subjected to charging and discharging under prescribed 
temperature conditions and at prescribed discharge rates, where their presently stored electricity quantities (their re- 
maining capacities or their dischargeable capacities), their open-circuit voltages, and their internal resistances were 
examined. And based on the examined characteristics of said plurality of rechargeable batteries, data or function 
formula of the relationship of the open-circuit voltages and the internal resistance as a function of the remaining capacity 
were summarized as basic data. And for a given rechargeable battery to be inspected, its battery voltage and its current 
value were examined, followed by being compared with said basic data to judge of whether the rechargeable battery 
to be inspected is normal or deteriorated. And based on the examined result, the electricity storable capacity or/and 
the internal resistance of the rechargeable battery were computed and the remaining capacity (= the residual dis- 
chargeable capacity = the presently stored electricity quantity) of the battery was computed. As a result, it was found 
that according to this manner, a given rechargeable battery to be inspected can be judged whether it is nomial or 
deteriorated at a high precision and the remaining capacity thereof can be detected at a high precision. 
[0074] The present invention has been accomplished on the basis of this finding. 

[0075] In the following, the present invention will be detailed, if necessary with reference to the drawings. 
(Acquisition of basic data and function fonnula of nomrial rechargeable battery] 

[0076] The open-circuit voltage of a rechargeable battery is proportional to a difference between chemical potential 
of the anode and that of the cathode. And depending on the chemical potential of each of the anode and the cathode 
at a given time, the remaining capacity (= the dischargeable capacity = the presently stored electricity quantity) is 
decided. That is, the chemical potential of each of the anode and the cathode is changed depending on the remaining 
capacity and is correlated to the remaining capacity. In other words, the remaining capacity and the open-circuit voltage 
are correlating to each other And the state of the anode and that of the cathode differ depending on the remaining 
capacity, where the resistance value of the anode and that of the cathode also differ. In this connection when the 
remaining capacity is changed, the intemal resistance of the rechargeable battery comprising such anode and such 
cathode is changed accordingly, 

[0077] Therefore, there is a correlation between the intemal resistance, the open-circuit voltage and the remaining 
capacity of the rechargeable battery. In addition, between the battery voltage, the current, the open-circuit voltage and 
the internal resistance of the rechargeable battery, there are such relationship as will be described below. 

(battery voltage upon discharging] = [open-circuit 
voltage) - [discharge rate] x [internal resistance] 

[battery voltage upon charging] = [open-circuit 
voltage] + [charge rate] x [internal resistance] 

[0078] In view of the above, the present inventors obtained a finding that for a given rechargeable battery when a 
correlation between the intemal resistance and the remaining capacity and a correlation between the open-circuit 
voltage and the remaining capacity are obtained, followed by being refen-ed to the relationship of the battery voltage 
the current, the open-circuit voltage, and the intemal resistance, the remaining capacity (= the dischargeable capacity 
= the presently stored electricity) can be computed. 

[0079] FIGS . 1 8(1 ) to 1 8(3) and FIGS. 1 9(1 ) to 1 9(2) are of a normal rechargeable battery and they show respectively 
a relationship of the open-circuit voltage, the charging voltage or the discharging voltage, the intemal resistance and 
the open-circuit voltage, the batteiy voltages at two kinds of discharge rates (discharging currents), and the discharging 
voltages at two kinds of battery temperatures, respectively in relation to the remaining capacity. 
[0080] Particularly, FIG. 1 8(1 ) is a graph of a rechargeable battery whose nominal capacity C or electricity storable 
capacity (before it is deteriorated) is made to be 100%, showing the relationship of the open-circuit voltage (Voc) to 
the remaining capacity (Q)[that is, 100 x Q/C %]. Now. the open-circuit voltage of a rechargeable battery does not 
substantially depends on the temperature of the batteiy (T) (the battery temperature) but is decided depending on the 
remaining capacity. In this respect, the open-circuit voltage (Voc) of the battery to the remaining capacity (Q) [or the 
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dischargeable capacity] Is computed, and based on the result, data or function fomiula of the relationship of Voc(Q) 
or Q(Voc) of the open-circuit voltage (Voc) to the remaining capacity (Q) can be obtained. 

[0081] However, In practice, the open-circuit voltage (Voc) is assumed to be a polynomial expression of n-degree of 
the remaining capacity (Q): Voc(Q) = 0^x0" + c„.i x Q"-'< + c^^g x 0"-^+ - +c-,xQ+Co (where, n is a positive integer), 
where a open-circuit voltage (Voc) is measured, followed by measuring the quantity of electricity which could be dis- 
charged (that is, a discharged capacity), and the measured values obtained are compared with the Voc(Q). The com- 
pulation in this case is performed using a method of least-squares or a Newton method. By this, a function formula 
approximation which is the closest to the measured data can be obtained. 

[0082] FIG. 1 8(2) is a graph of a graph of a rechargeable battery whose nominal capacity when the battery temper- 
ature is constant at a prescribed temperature is made to be 1 00%, showing the relationship of the open-circuit voltage 
(Voc), the charging voltage (Vc), and the discharging voltage (Vd) to the remaining capacity (= the presently stored 
electricity quantity). 

[0083] FIG. 1 8(3) is a graph of a rechargeable battery whose nominal capacity or electricity storable capacity (before 
it is deteriorated) is made to be 1 00%, showing the open-circuit voltage and the relationship of the internal resistance 
(R) to the remaining capacity (= the presently stored electricity quantity). 

[0084] From the data shown In the graphs shown in FIGs. 1 8(1 ) to 1 8(3), there can be obtained a relational expression 
Vd = Voc - Id X Rd [with Rd being an internal resistance of the battery upon discharging and Id being a discharging 
current (or a discharge rate)] or a relational expression Rd = (Voc-Vd)/ld. In accordance with any of these relational 
expressions, there can be computed data of the internal resistance. This data can be converted into a function formula 
to obtain Rd(Voc, Id, T) or Rd(Vd, Id, T)[where, T is a battery temperature]. Separately, in accordance with a relational 
expression Vc = Voc -i- Ic x Rc or Rc = (Vc - Voc)/lc when the internal resistance of the battery upon charging is made 
to be Rc [where Vc is a battery voltage upon charging, and Ic is a charging current], there can be computed data of 
the internal resistance. This data can be converted into a function formula to obtain Rc(Voc, Ic, T). Further, from these 
data or function formulas and the data or the function fomiula of the relationship Voc(Q) of the open-circuit voltage 
(Voc) to the remaining capacity (Q) obtained from the data shown in FIG. 18(1), there can be obtained data orfunction 
fomnula of internal resistance Rd(Q, Id, T) or Q(Rd, Id, T). 

[0085] FIG. 19(1) is a graph of a rechargeable battery whose nominal capacity is made to be 100%, showing the 
relationship of the discharging voltage (Vd) to given discharging currents (Id = , Ig) in relation to the remaining capacity. 
Now, depending on the magnitude of the discharging current, the internal resistance of the battery is also changed and 
because of this, the battery voltage is also changed. It is a matter of course to say that depending on the magnitude 
of the charging current upon charging, the internal resistance of the battery is also changed and because of this, the 
battery voltage is also changed. 

[0086] FIG. 1 9(2) is a graph of a rechargeable battery whose nominal capacity or electricity storable capacity (before 
it is deteriorated) is made to be 1 00%, showing the relationship of the open-circuit voltage (Voc) and the discharging 
voltage (Vd) to given battery temperatures (T = T^, T2) in relation to the remaining capacity. In accordance with the 
data shown in the graph of FIG. 1 9(2), there can be obtained data of the relationship of the battery voltage (Vd) upon 
discharging, the open-circuit voltage (Voc), the discharging cun-ent (Id) and the battery temperature (T). This data can 
be converted into a function formula to obtain Vd(Voc, Id. T). 

[0087] From these data or function formulas and the data or the function formula of the relationship Voc(Q) of the 
open-circuit voltage (Voc) to the remaining capacity (Q) obtained from the data shown in FIG. 18(1), there can be 
obtained data or function formula of battery voltage Vd(Q, Id, T) or Q(Vd, Id, T). Separately, it is a matter of course to 
say that there can be obtained data of the relationship of the battery voltage (Vc) upon charging, the open-circuit voltage 
(Voc), the charging current (Ic) and the battery temperature (T). This data can be converted Into a function fomiula to 
obtain Vc(Voc, Ic, T). 

[0088] Incidentally, each of the foregoing battery voltage and the foregoing internal resistance can be expressed by 
a continuous function to the battery temperature situated in a temperature range (I) which is higher than the freezing 
point of an electrolyte solution used in the rechargeable battery or in a temperature range (ii) which is higher than the 
glass transition temperature of a solidified electrolyte used in the rechargeable battery but is lower than the fusing point 
of said solidified electrolyte, but when the battery temperature is situated in a temperature range outside said temper- 
ature range (i) or said temperature range (ii), said function becomes discontinuous to the battery temperature. The 
reason why the function becomes discontinuous is due to a phenomenon in that the ion conductivity of the electrolyte 
solution or the solidified electrolyte is suddenly changed in such temperature range. 

[0089] Now, based on such acquired data as shown in FIGs. 18(1) to 18(3) and FIGs. 19(1) and 19(2), the remaining 
capacity (= the presently stored electricity quantity) of a rechargeable battery can be expressed as a function formula 
of the open-circuit voltage, the battery voltage can be expressed as function fomriulas by the remaining capacity (= the 
presently stored electricity quantity), the current and the battery temperature, and the internal resistance can be also 
expressed as function formulas by the remaining capacity (= the presently stored electricity quantity), the current and 
the battery temperature. 
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[0090] A function formula which is intended to obtain can be obtained, for instance, by assuming it to be a function 
which can be expressed by an equation of n-dimentions (n is a positive integer) and making a difference with respect 
to the data involved to be minimum by a method of least-squares or a Newton method. 

[0091] Separately, FIG. 19(3) is a graph of a rechargeable battery whose nominal capacity or electricity storable 
capacity (before it is deteriorated) is made to be 100%, showing the relationship of the open-circuit voltage and the 
battery voltage to the remaining capacity (= the presently stored electricity quantity), which comprises one at an initial 
stage (I), one at a middle stage(ll) and one at an end stage (III) respectively of the discharging operation. By dividing 
said relationship in this way. the characteristics such as the open-circuit voltage, the battery voltage and the internal 
resistance respectively in relation to the presently stored electricity quantity can be expressed by a low dimensional 
equation which is simplified. [Judgment of whether a rechargeable battery is nonnal] 

[0092] In this embodiment, in practice, prior to computing the remaining capacity (= the presently stored electricity 
quantity) of a rechargeable battery to be inspected, depending on the situation of the rechargeable battery which is in 
a shutdown state, during charging or during discharging, a suitable judgment method is adopted, where the recharge- 
able battery is judged of whether it is short-circuited, the electricity storable capacity is decreased, the internal resistance 
is increased, or the battery is normal by comparing with the characteristics of a normal rechargeable battery which 
have been acquired in advance. Thereafter, following the examined result, the remaining capacity (= the presently 
stored electricity quantity) of the battery is computed. 

[0093] In the above judgment, first, judgment is conducted of whether the rechargeable battery is short-circuited. 
Then, judgment is conducted of whether the electricity storable capacity of the rechargeable battery is decreased or 
the internal resistance thereof is increased. Successively, in the detecting method in this embodiment, internal state 
of the rechargeable battery including the remaining capacity (= the presently stored electricity quantity), the electricity 
storable capacity, the internal resistance, a reduction coefficient in the capacity, and the battery lifetime is detected. 
FIG. 1 shows an example of a flow chart illustrating the procedures of detecting such internal state of the rechargeable 
battery. In the embodiment of FIG. 1 , there is also shown a flow chart for the case where the rechargeable battery is 
engaged in the charging operation or the case where the rechargeable battery is connected to an equipment, wherein 
for the fomner case, thef ully charged electricity quantity or the time period consumed until the temnination of the charging 
operation is computed, and for the latter case, the usable capacity (= the presently residual electricity quantity which 
is still able to operate an instrument) which makes it possible to use the equipment or the period of time during which 
the equipment can be operated is computed. Further, the embodiment of FIG. 1 Is designed such that after judgment 
is conducted of whether the rechargeable battery is short-circuited, judgment is conducted of whether the electricity 
storable capacity is decreased. But it is possible to adopt a flow chart in that following the judgment of whether the 
rechargeable battery is short-circuited, judgment is conducted of whether the electricity storable capacity is decreased, 
followed by judging of whether the internal resistance is Increased. 

[Judgment of the presence or absence of short-circuit] 

[0094] The judgment criteria in the case of judging that a rechargeable battery which is presently used is short- 
circuited include the following cases (i) to (iv). 

(i) A case where upon pausing the rechargeable battery without conducting the charging or discharging operation, 
there is found a decrease in the short-circuit voltage with the passage of time. 

(ii) A case where when the rechargeable battery is subjected to charging, an increase in the battery voltage or the 
open^lrcuit voltage is small in comparison with a nomial rechargeable battery. 

(iii) A case where the open-circuit voltage of the rechargeable battery is markedly small in comparison with that 
of a normal rechargeable battery and a decrease in the battery voltage of the rechargeable battery upon discharging 
is markedly large in comparison with that of said nomnal rechargeable battery. 

(Iv) A case where the internal resistance of the rechargeable battery is markedly small in comparison with that of 
a normal rechargeable battery. 

[0095] In the case where the rechargeable battery fails in at least one of the above-described cases (i) to (iv), it is 
judged that short-circuit is present in the rechargeable battery. 

[0096] FIG. 20 graphically shows a change with the passage of time in the open-circuit voltage of a rechargeable 
battery which is short-circuited, together with a change with the passage of time in the open-circuit voltage of a re- 
chargeable battery which is not short-circuited. 

[Judgment of increase in the internal resistance of a rechargeable battery] 

[0097] In the case where a rechargeable battery which is presently used does not fall in any of the foregoing cases 
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(i) to (iv) in the judgment of the presence or absence of short-circuit but falls in at least one of the following cases (i) 
to (iii), it is judged that the internal resistance of the rechargeable battery is increased. 

(i) A case where the open-circuit voltage of the recharge battery is substantially the same as that of a normal 
5 rechargeable battery but an Increase in the battery voltage of the rechargeable battery upon charging is larger 

than that of said normal rechargeabie battery upon charging. 

(ii) A case where the open-circuit voltage of the recharge battery is substantially the same as that of a normal 
rechargeable battery but a decrease in the battery voltage of the rechargeable battery upon discharging is larger 
than that of said normal rechargeable battery upon discharging. 

10 (iii) A case where the internal resistance of the rechargeable battery Is larger than that of a normal rechargeable 

battery. 

[0098] FIG. 21 (1) Is a graph of a rechargeable battery whose nominal capacity (C) or electricity storable capacity 
(before ifis deteriorated) is made to be 1 00%, showing the relationship of the internal resistance to the remaining 

15 capacity (Q)[= the presently stored electricity quantity], that is, 100 x Q/C%, where an increased internal resistance 
(R' = a X R + b) of the rechargeable battery is compared with the Internal resistance (R) of a normal rechargeable battery. 
[0099] FIG. 21 (2) is a graph of a rechargeable battery whose internal resistance has been increased (R' = a x Rd + 
b) and a nomrial rechargeable battery whose internal resistance is normal (R = Rd), showing the relationship of the 
battery voltage (Vd) to the percentage (%) of the presently stored electricity quantity upon discharging for each of said 

20 two rechargeable batteries. 

[0100] FIG. 21 (3) is a graph of a rechargeable battery whose internal resistance has been increased (R' = a x Rc + 
b) and a normal rechargeable battery whose internal resistance is nomrial (R = Rc), showing the relationship of the 
battery voltage (Vc) to the percentage (%) of the remaining capacity (= the presently stored electricity quantity) upon 
charging for each of said two rechargeable batteries. 

25 [0101] Now, the computation of the above internal resistance can be perfomried on the basis of the transient char- 
acteristics of the rechargeable battery from the time when the rechargeable battery is paused to the time when charging 
or discharging for the rechargeable battery is commenced. 

[Judgment of decrease in the electricity storable capacity of a rechargeable battery] 

30 

[0102] in the case where a rechargeable battery which is presently used does not fail in any of the foregoing cases 
(i) to (iv) in the judgment of the presence or absence of short-circuit but falls in at least one of the following cases (i) 
and (ii), it is judged that the electricity storable capacity of the rechargeable battery is decreased. 

35 (i) A case where an increase in the battery voltage of and an increase in the open-circu it voltage of the rechargeable 

battery upon charging are larger than those of a normal rechargeable batter upon charging, 
(ii) A case where a decrease in the battery voltage of and a decrease in the open-circuit voltage of the rechargeable 
battery upon discharging are smaller than those when the rechargeable battery is short-circuited but are larger 
than those of a normal rechargeable batter upon discharging. 

40 

[01 03] For a rechargeable battery which is presently used and whose internal resistance is not increased but whose 
electricity storable capacity (C) is decreased by D time of the electricity storable capacity (C) of a normal rechargeabie 
battery, the relationship of the remaining capacity [Q* = D x O, with Q being the remaining capacity of said normal 
rechargeable battery] and the open-circuit voltage (Voc) becomes as shown in FIG. 22(1). The percentage (%) of the 

"^5 remaining capacity (= the presently stored electricity quantity) here is expressed on condition that it corresponds 100 

X Q/C %, with Q being the remaining capacity of said normal and capacity-reduced battery when the nominal capacity 1< 
or the electricity storable capacity (before it is deteriorated) of said normal rechargeable battery is made to be 100%, 
[0104] From the function fomnula Voc(Q) of the open-circuit voltage (Voc) of a normal rechargeable battery to the 
remaining capacity (Q%) of said normal rechargeable battery, the function formula of the open-circuit voltage (Voc) to 

50 the remaining capacity (Q') after the electricity storable capacity is reduced can be expressed to be Voc(QVD). 

[0105] FIG. 22(2) shows a graph of the relationship of the battery voltage when the capacity-reduced rechargeable 
battery is subjected to charging or discharging to the remaining capacity (= the presently stored electricity quantity). 
[0106] For a rechargeable battery whose electricity storable capacity is decreased from C to C'(C = D x C), the 
battery voltage upon charging and that upon discharging can be expressed to be Vc(QVD, Ic, T) and Vd(QyD, Id, T) 

55 based on the function fomnulas of the nomrial rechargeable battery. 
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[Judgment of whether a rechargeable battery is normal] 

[0107] In the case where a rechargeable battery which is presently used does not fall In any of the foregoing cases 
mentioned in the judgment of the presence or absence of short-circuit, the judgment of Increase In the internal resist- 
ance, and the judgment of decrease in the electricity storable capacity, it is Judged that the rechargeable battery Is not 
deteriorated but is nonnal. 

[Computation of the electricity storable capacity of a rechargeable battery] 

[0108] For a rechargeable battery which is judged that it is normal by measuring the open-circuit voltage (Voc), the 
charging current (Ic) or the discharging current (Id), the battery voltage (V), and the battery temperature (T) and using 
Voc(Q) for the relationship of the remaining capacity (Q) and the open-circuit voltage (Voc) or V(Q, I, T) for the rela- 
tionship of the current value (I) upon discharging or charging, the battery temperature (T) and the battery voltage (V), 
the remaining capacity (Q) of the rechargeable battery can be obtained. 

[0109] For a rechargeable battery whose electricity storable capacity is decreased, at a stage before or after the 
rechargeable battery is subjected to charging or at a stage before or after the rechargeable battery is subjected to 
discharging, by computing a change in the open-circuit voltage (Voc) and an increase or decrease in the remaining 
capacity (= the presently stored electricity quantity) at that time or computing a change in the battery voltage (Vc) upon 
charging or a change in the battery voltage (Vd) upon discharging and an increase or decrease in the remaining capacity 
at that time to obtain a decrease coefficient (D) of the electricity storable capacity, the remaining capacity (Q) of the 
rechargeable battery at a given stage can be obtained. 

[01 1 0] The rechargeable battery whose internal resistance is increased but whose electricity storable capacity is not 
decreased has an open-circuit voltage which is substantially the same as that of a rechargeable battery whose open- 
circuit voltage is normal. Therefore, the remaining capacity (= the presently stored electricity quantity) of the former 
rechargeable battery can be obtained by way of measuring the open-circuit voltage thereof. Separately, for the former 
rechargeable battery, after the current and battery voltage are measured to obtain the internal resistance, it is possible 
to obtain the electricity storable capacity. 

[0111] Further, the remaining capacity of a rechargeable battery whose electricity storable capacity is decreased 
and whose internal resistance is increased can be obtained while computing a decrease coefficient (D) of the electricity 
storable capacity and the increased internal resistance (R'). 

[Computation of the internal resistance of a rechargeable battery] 

[0112] For a rechargeable battery whose internal resistance is increased, by assuming an increased value (R') of 
the internal resistance to be capable of being expressed by such function of a normal resistance (R) as shown in the 
following: 

R' = a X R. R' = a X R + b. or R' = a„ X R" + a^i X R"'*" 
+ a„.2 X R""^ + — + a., X R + aQ, (n is a positive integer) 

and obtaining constants a, b, a^, a^^, a^, and from a plurality of measured values of the current and the 
battery voltage, a value of the increased Internal resistant can be obtained. 

[Computation of decrease coefficient (ratio) of the electricity storable capacity of a rechargeable battery] 

[01 1 3] For a rechargeable battery whose electricity storable capacity is decreased, from Voc(Q7D) for the relationship 
of the open-circuit voltage (Voc) to the remaining capacity (Q') after the electricity storable capacity is decreased to 
the foregoing D time, and Vc(QVD, Ic, T) for the relationship of the battery voltage (Vc) upon charging to the remaining 
capacity (Q') and an increase in the remaining capacity during charging in practice or Vd(Q7D, Id, T) for the relationship 
of the battery voltage (Vd) upon discharging to the remaining capacity (Q') and a decrease in the remaining capacity 
during discharging in practice, a decrease coefficient (D) of the electricity storable capacity can be computed. 
[0114] By this, a practical remaining capacity (Q') of the rechargeable battery can be obtained. 
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[Usable capacity capable of being used in an instrument and the period of time during which the instrument can be 
operated] 

[01 1 5] The temri "usable capacity" in a rechargeable battery Is equal to a presently residual electricity quantity which 

5 is still able to operate an instrument. 

[0116] In an instrument in which a rechargeable battery is used as the power source, the minimum voltage with which 
the instrument can be operated is decided depending on the kind or scale of the instrument involved. In the case where 
the voltage of a rechargeable battery used In a given instrument becomes to be lower than the minimum operating 
voltage required to operate the instrument, even when a certain quantity of electricity capable of being discharged 

io should be remained in the rechargeable battery, the rechargeable battery cannot be used. Here, the presently residual 
electricity quantity in the rechargeable battery is called "usable capacity". 

[0117] Description will be made of the usable capacity. When a remaining capacity (a presently stored electricity 
quantity) of the rechargeable battery prior to operating the instrument is made to be a first remaining capacity (Qg) and 
the other remaining capacity (the other presently stored electricity quantity) of the rechargeable battery when the voltage 

15 of the rechargeable battery reaches a minimum operating voltage of the instrument is made to be a second remaining 
capacity (Qmin), an electricity quantity which is corresponding to a difference provided when the second remaining 
capacity (b) is subtracted from the first remaining capacity (Qg) corresponds the usable capacity. 
[0118] FIG. 23 is a graph of a nomnal rechargeable battery, showing the relationship of the open-circuit voltage and 
battery voltage upon discharging to the remaining capacity (%) [from the nominal capacity or the electricity storable 

20 capacity (C)], where when a remaining capacity at the time of using the rechargeable battery is made to be Q and the 
other remaining capacity when the battery voltage of the rechargeable reaches the minimum operating voltage (Vmin) 
of the instrument is made to be Qmin, the presently residual electricity quantity, that is, the usable capacity is [Q - Qmin]. 
[0119] FIG. 24 is a graph of a rechargeable battery (i) whose electricity storable capacity is decreased from C to C 
(C* = D X C) and a normal rechargeable battery (il), showing the relationship of the battery voltage during discharging 

25 to the remaining capacity (%) for each of the two rechargeable batteries. Now, when the remaining capacity of the 
capacity-reduced rechargeable battery (i) whose battery temperature is T, whose discharging current is Id, and whose 
battery voltage is Vd is made to be Q', the remaining capacity (Q) of the normal rechargeable battery (ii) at Vd becomes 
to be Q = Q'/D (with D being a decrease coefficient of the electricity storable capacity). And when the remaining capacity 
of the capacity-reduced rechargeable battery (i) is Q'min when the battery voltage thereof reaches the minimum op- 

30 erating voltage (Vmin) of the instrument, the remaining capacity of the rechargeable battery (il) at Vmin becomes to 
be Qmin = Q'min/D (with D being a decrease coefficient of the electricity storable capacity). Therefore, from the rela- 
tional expressions Vd = Vd(QVD, Id, T) and Vmin = Vd(Q'min/D, Id, T) respectively of the battery voltage upon dis- 
charging, the remaining capacity Q' at Vd and the remaining capacity Q'min at Vmin for the capacity-reduced recharge- 
able battery (i) can be computed, where the usable capacity of the rechargeable battery (1) becomes to be [Q' - Q'min]. 

35 [0120] The period of time during which the instrument can be operated can be expressed by a time obtained by 
dividing the above usable capacity by the consumed current of the instrument or a time obtained by dividing the energy 
quantity supplied by the usable capacity of the rechargeable battery until the battery voltage of the rechargeable battery 
reaches the minimum operating voltage of the instrument by the consumed power of the instrument. 

40 [Detection of internal state of a rechargeable battery in various use situations] 

[0121] Detection of internal state of a rechargeable battery in a shutdown state (or a paused state): . 
(Judgment of the present or absence of short-circuit In a rechargeable battery) 

[0122] A change with the passage of time In the open-circuit voltage (Voc) of a given rechargeable battery in a paused 
^5 state is measured. 

[0123] When the reduction rate of the Voc is greater than a prescribed value (vo), that is, -dVoc/dt > vo > 0, it is 
judged that the rechargeable battery is short-circuited. 

[01 24] When the reduction rate of the Voc is 0 ^ -dVoc/dt ^ vo, it is judged that the rechargeable battery is not short- 
circuited. 

50 [0125] FIG. 2 shows a flow chart illustrating the procedures for judging the presence or absence of short-circuit in a 
rechargeable battery to be inspected. 

Detection of internal state of a rechargeable battery from pausing stage to discharging stage : 

55 [01 26] When a given rechargeable battery to be inspected is situated in a paused state without subjecting to charging 
or discharging, a change with the passage of time in the open-circuit voltage (Voc) of the battery is measured. There- 
after, the battery is subjected to discharging with an electricity quantity (q^) of a current value 1^ x a time t^ from the 
open-circuit voltage (Voc), where a battery voltage (V) during the time until the discharging operation is terminated and 
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an open-circuit voltage (Voc^) after the termination of the discharging operation are measured, whereby judgment is 
conducted of whether the battery is normal or it is deteriorated. 

[0127] FIG. 25(1 ) graphically shows a change with the passage of time in the battery voltage and a change with the 
passage of time in the current in the above operation. 

[0128] The discharging current in the above operation is preferred to comprise a rectangular wave current or a pulse 
current. 

[0129] FIG. 3 shows a flow chart illustrating the procedures in which discharging operation is conducted for a given 
rechargeable battery to be inspected from a stage where the battery is paused, and judgment is conducted of whether 
the internal resistance is increased or of whether the electricity storable capacity is decreased. 

[0130] In Case 1 {S310) in the flow chart of FIG. 3, the electricity storable capacity is greater than a previously 
acquired electricity storable capacity of a normal rechargeable battery and therefore, the rechargeable battery involved 
is considered to be also normal. In addition, in Case 2 (S316) in the flow chart of FIG. 3, the internal resistance is 
smaller than a previously acquired internal resistance of a nonnal rechargeable battery but no short-circuit is present 
and therefore, the rechargeable battery involved is considered to be also normal. 

[0131] Now, the computation of the intemal resistance after judged that the internal resistance is increased and the 
computation of the internal resistance after judged that the electricity storable capacity is decreased are shown re- 
spectively in FIG. 4 and FIG. 5. which will be described later. 

1 . Judgment of the presence of short-circuit: 

[0132] As previously described, when the reduction rate of the open-circuit voltage (Voc) of a rechargeable battery 
to be inspected is greater than a prescribed value (vj, that is, -dVoc/dt > v^ > 0, it is judged that the rechargeable 
battery is short-circuited. 

2. Judgment of whether the rechargeable battery is normal or the internal resistance thereof is increased: 

[0133] For the rechargeable battery judged that the reduction rate of the open-circuit voltage (Voc) thereof is smaller 
than the above-mentioned prescribed value (vj in the judgment 1 , the rechargeable battery is subjected to judgment 
of whether it is normal or the internal resistance thereof is increased in the following manner 

[0134] In the case where the rechargeable battery is that the electricity storable capacity is not decreased, as will 
be understood with reference to the graph of FIG. 18(1), the remaining capacity and the open-circuit voltage have a 
correspondence of 1 : 1 , where when one of the open-circuit voltage and the remaining capacity is found out, the other 
can be readily found out. 

[0135] With reference to the graph shown in FIG. 25(1), for the rechargeable battery in a paused state, the open- 
circuit voltage (Vocq) is measured. Thereafter, from the rechargeable battery, an electricity quantity q^ of a current 1^ 
X a time t., is discharged, where the battery voltage (V) of the battery during the discharging operation and the open- 
circuit voltage (Voc^) of the battery after termination of the discharging operation are measured. In this case, when the 
rechargeable battery is that the electricity storable capacity is not decreased, there should be provided such a result 
that the remaining capacity (Q) when the open-circuit voltage is Vocq is Qq = Q(Voco), the remaining capacity after the 
discharging of the electricity quantity q1 is Qq - qi. and the open-circuit voltage is Voc(0^ - q^). Here, the remaining 
capacity (Q) is expressed by the function formula of the open-circuit voltage (Voc): Q = Q(Voc), and the open-circuit 
voltage (Voc) is expressed by the function formula of the remaining capacity (Q): Voc = Voc(Q). 
[0136] When the difference between the open-circuit voltage Voc(Qo-qi) and the measured value Voc^ is fo ^ [Voc 
(Qq - Voc^] ^ f., (fo <0 < f^) and it falls in a variation range of the characteristics of the corresponding normal 
rechargeable battery product, the rechargeable battery to be inspected can be deemed to be substantially the same 
as the normal rechargeable battery. Thus, the rechargeable battery can be judged to be free of a reduction in the 
electricity storable capacity. 

[0137] Separately, it is assumed that the transient characteristics of the battery voltage of a rechargeable battery at 
an initial stage when discharging operation for the battery is initiated can be expressed by the following equation: 
[0138] V = Vi + (Voco - Vi) X e *'^ (with V being a battery voltage, t being a discharging time, V., being a battery 
voltage of the battery when the discharging time is extrapolated to infinity, and x being a time constant decided by an 
internal resistance or the like of the battery). And in accordance with the battery voltage V to a measured discharging 
time and in accordance with said equation, a time constant x when the discharging operation is initiated at a discharging 
current 1^ from the open-circuit voltage Vocq and a battery voltage V., are computed. 

[0139] FIG. 25(2) shows a graph illustrating the interrelation between the battery voltage and the transient char- 
acteristics thereof. 

[0140] Now, when the internal resistance of the rechargeable battery is made to be , the can be obtained from 
equation V, = Vocq - I^ x R^ and equation R^ = (Vocq - \f^)/\^. This internal resistance R^ of the rechargeable battery 
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is compared with the relational expression Rd{Voco. Ii, T)[or Rd(Qo, li. T)] of the internal resistance (Rd) [upon dis- • 
charging] of the corresponding normal rechargeable battery versus the previously acquired open-circuit voltage (VoCq) 
[or the remaining capacity (Qq)], the discharging current (li), and the battery temperature (T). 
[0141] In the above comparison, 

5 

(i) when the internal resistance R, of the rechargeable battery (to be inspected) is substantially the internal resist- 
ance Rd(Voco, li,T) orRd{Qo, li,T)ofthe normal rechargeable battery, In other words, when the internal resistance 
R^ of the rechargeable battery falls in a variation range of r^ ^ [R^ - Rd(Qo, li, T)] ^ r2 (r^ < 0 < rg) for the corre- 
sponding rechargeable battery product, the rechargeable battery is judged that it is normal, and 
10 (ii) when the internal resistance R^ of the rechargeable battery (to be inspected) falls in a variation region of [R^ - 

Rd(Qo, li, ^)] > ''a < ^"2)' rechargeable battery is judged that the interna! resistance is increased. 

3. Judgment of whether the electricity storabte capacity is decreased: 

15 [0142] For the rechargeable battery judged that the reduction rate of the open-circuit voltage (Voc) thereof is smaller 
than the above-mentioned prescribed value (v^) in the judgment 1 , the rechargeable battery is subjected to judgment 
of whether the electricity storable capacity thereof is decreased in the following manner 

[0143] With reference to the graph shown in FIG. 25(1), for the rechargeable battery in a paused state, the open- 
circuit voltage (VoCq) is measured. Thereafter, from the rechargeable battery, an electricity quantity q^ of a current 1^ 

20 X a time t^ is discharged, where the battery voltage (V) of the battery during the discharging operation and the open- 
circuit voltage (Voc^) of the battery after tennination of the discharging operation are measured. In this case, when the 
rechargeable battery is that the electricity storable capacity Is not decreased, there should be provided such a result 
that the remaining capacity (Q) when the open-circuit voltage is VoCq is Qq = Q(VoCo), the remaining capacity after the 
discharging of the electricity quantity q1 is Qq - and the open-circuit voltage is Voc(Qo - q-i). 

25 [0144] When the difference between the open-circuit voltage Voc(Qo - q^) and the measured value Voc^ is [Voc(Qo 
- qi) - Voc^] > f 1 (0 < fi), the rechargeable battery to be inspected is judged that the electricity storable capacity thereof 
is decreased. 

[Computation of an increase in the internal resistance] 

30 

[0145] In the foregoing judgment 2 of whether the internal resistance of the rechargeable battery is increased, when 
it is judged that the Internal resistance is increased, the increased internal resistance can be computed in the following 
manner 

[0146] When it is assumed that the internal resistance is increased from the internal resistance R = Rd(Q, Id, T) of 
35 the normal rechargeable battery to R' = a x Rd(Q, Id, T) + b (where each of a and b is a constant, Q is a remaining 
capacity, Id is a discharge rate (a discharging current), T is a battery temperature), the value of the increased internal 
resistance can be computed as will be described below. 

[0147] FIG. 4 shows a flow chart which follows B [S318(internal resistance increased)] in FIG. 3. Particularly, FIG. 
4 shows an example of a flow chart of steps for computing an increase in the internal resistance of the rechargeable 
40 battery, 

[0148] Particularly, the rechargeable battery whose internal resistance is intended to examine is subjected discharg- 
ing from its paused state at least two times. That is, from the rechargeable battery whose open-circuit voltage is Vocq, 
an electricity quantity q^ of a current 1^ x a time t^ is discharged, and thereafter, from the rechargeable battery whose 
open-circuit voltage is Voc^, an electricity quantity qg of a current I2 x a time tg is discharged where during the time 
45 until the discharging operation is terminated, the battery voltage (V) is measured and the open-circuit voltage (V0C2) 
after the termination of the discharging operation is measured. 

[0149] It is assumed that the transient characteristics of the battery voltage at a initial stage of the commencement 
of the discharging operation can be expressed by the equation V = + (VoCq - V^) x e"'^'^ (with V being a battery 
voltage, t being a discharging time, being a battery voltage of the battery when the discharging time t is extrapolated 
50 to infinity, and 1 being a time constant). 

[0150] And in accordance with the battery voltage V to a measured discharging time and in accordance with said 
equation, a time constant x when the discharging operation is initiated at a discharging current l«, from the open-circuit 
voltage Vocq and a battery voltage are computed. 

[0151] Thie internal resistance R, of the rechargeable battery at this time is computed from the equation = Vocq 
55 . 1^ x Ri or Ri = (Voco - 

[0152] Similarly, in accordance with the equation V = -1- (Voc-, - Vg) x e'^'' (with V being a battery voltage, t being 
a discharging time. Vg being a battery voltage of the battery when the discharging time t is extrapolated to infinity, and 
T being a time constant), a time constant t when the discharging operation is inittated at a discharging current I2 from 
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the open-circuit voltage Voci and a battery voltage are computed. 

[0153] The Internal resistance of the rechargeable battery at this time is computed from the equation Vo = Voci 

- I2 X R2 or Rg = (Voc^ - Vgyig. 

[0154] Then, in accordance with the equation -[a x Rd(Qo, 1^, T) + b] = 0 (with Qq being a remaining capacity 
when the open-circuit voltage is Vocq) and the equation Rg -[a x Rd(Qo-qi. I2. T) + b] = 0 (where = QQ-q^ and is a 
remaining capacity when the open-circuit voltage is Voc^) or Rg = [a x Rd(Q^, Ig, T) + b] = 0 where = Q(Voci), the 
constant a, the constant b, and the remaining capacity Qq are computed. 

[0155] In this way, the increased internal resistance Rd* = a x Rd(Q, Id, T) -1- b can be computed. 
[0156] In this computation of the increased internal resistance, in order to estimate the battery voltage when the 
discharging current is changed, the foregoing equation which is expressed with the time constant x is used. But this is 
not limitative. It is possible to use other appropriate equations capable of being approximated. 

[Computation of a decrease in the electricity storable capacity] 

[0157] In the foregoing judgment 3 of whether the electricity storable capacity of the rechargeable battery is de- 
creased, for the rechargeable battery judged that the electricity storable capacity is decreased, when it is assumed 
that the decreased electricity storable capacity is D time (D is a constant of 0 < D < 1 ) the electricity storable capacity 
of the corresponding nomnal rechargeable battery, the value of the decreased electricity storable capacity can be ob- 
tained in accordance with a manner shown in FIG. 5 which follows C [S3 19 (electricity storable capacity decreased)] 
in FIG. 3. FIG. 5 shows an example of a flow chart of steps for computing a decrease in the electricity storable capacity 
of the rechargeable battery. In Case 2 (S334) in FIG. 5, for the rechargeable battery whose internal resistance is smaller 
than the previously acquired internal resistance of the corresponding normal rechargeable battery and which is free 
of short-circuit, it is judged that the electricity storable capacity is decreased and the internal resistance is not increased. 
[01 58] Now, the value of the decreased electricity storable capacity can be estimated as will be described below. 
[0159] In FIG. 25(1), in the case where from a rechargeable battery whose open-circuit voltage is VoCq and which 
is In a paused state, an electricity quantity q1 is discharged at a current value I-, and the open-circuit voltage of the 
battery becomes to be Voc^ , the remaining capacity when the open-circuit voltage is Vocq is Qq if the battery Is normal. 
However, since the rechargeable battery to be inspected is that the electricity storable capacity is decreased by D time 
as above described, the remaining capacity when the open-circuit voltage is Vocq is made to be Qq'. 
[0160] From Voc(Q) and Q(Voc) of the relationship of the open-circuit voltage (Voc) to the remaining capacity (Q) of 
the nonnal rechargeable battery, for the rechargeable battery whose electricity storable capacity is decreased by D 
time, when the remaining capacity of the rechargeable bauery is multiplied by 1/D, the rechargeable battery can be 
considered as being corresponding to the normal rechargeable battery. This situation can be expressed as follows. 

VoCq = Voc(Qo) = Voc{Qo'/D) 



Qo =Qo'/D = Q(Voco) 

[0161] In addition, when the remaining capacity of the rechargeable battery whose electricity storable capacity is 
decreased atter the discharging operation of the electricity quantity q^ is made to be Q^*, there is established the 
following relationship . 

Qi' = Qo'-qi 



Voc^ = Voc[(Qi* -q^)/D] 



QoVD-qi/D = Q(VoCi) 



Q(VoCo)-q^/D = Q(Voc^) 



qi/D = Q(VoCo)-Q(VocO 
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D = q,/[Q(VoCo)-Q(Voc,)] 

[0162] From this, a reduction constant D of the decreased electricity storable capacity can be estimated. The re- 
maining capacity at this time becomes to be D x Q(VoCi). 

[01 63] Separately, when the internal resistance obtained in the same manner as in the foregoing judgment 2 falls 
in a variation range of r^ ^ [R^ - Rd(Qo'/D. I^, T)] ^ rg (r^ < 0 <r2), the rechargeable battery to be inspected can be 
judged that the internal resistance is not increased but the electricity storable capacity is decreased. 
[0164] Besides, when the internal resistance obtained in the same manner as in the foregoing judgment 2 falls 
in a variation range of [R^ - Rd(Qo, l-j, T)] > (0 <r2), the rechargeable battery to be inspected can be judged that the 
internal resistance is increased and the electricity storable capacity is decreased. 

[0165] Particularly, the rechargeable battery whose electricity storable capacity is intended to examine is subjected 
to discharging from its paused state at least two times. That is, with reference to the graph shown in FIG. 25(1), from 
the rechargeable battery whose open-circuit voltage is Vocq, an electricity quantity of a current 1^ x a time t-, is 
discharged, and thereafter, from the rechargeable battery whose open-circuit voltage is Voc.,, an electricity quantity qg 
of a current I2 x a time t2 is discharged where during the time until the discharging operation is terminated, the battery 
voltage (V) is measured and the open-circuit voltage (V0C2) after the termination of the discharging operation is meas- 
ured. 

[0166] It is assumed that the transient characteristics of the battery voltage at a initial stage of the commencement 
of the discharging operation can be expressed by the equation V = + (VocO - V.,) x e"^^ (with V being a battery 
voltage, t being a discharging time, being a battery voltage of the battery when the discharging time t is extrapolated 
to infinity, and x being a time constant). 

[0167] And in accordance with the battery voltage V to a measured discharging time and in accordance with said 
equation, a time constant t when the discharging operation is initiated at a discharging current 1^ from the open-circuit 
voltage Vocq and a battery voltage are computed. 

[0168] The internal resistance R-, of the rechargeable battery at this time is computed from the equation = Vocq 
- 1;, X or Ri = (Vocq - 

[0169] Similarly, in accordance with the equation V = + (Voc^ - Vg) x e"*^^ (with V being a battery voltage, t being 
a discharging time, being a battery voltage of the battery when the discharging time t is extrapolated to infinity, and 
1 being a time constant), a time constant x when the discharging operation is initiated at a discharging current I2 from 
the open-circuit voltage Voc^ and a battery voltage V2 are computed. 

[0170] The internal resistance Rg of the rechargeable battery at this time Is computed from the equation V2 = Voc^ 

- 12 X R2 or R2 = (Voc^ - V2)/l2- 

[01 71 ] It is assumed that the internal resistance of the rechargeable battery is increased from Rd(Q, Id, T) to a x Rd 
(Q, Id, T) + b (where each of a and b is a constant). And in accordance with the equation R^ - [a x Rd(Qo, h, T) + b] = 
0 and the equation Rg -[a x Rd(Qi, I2. T) + b] = Rg -[a x Rd(Qo - q^/D, Ig. T) + b] = 0 (where Qq = QqVD, Q-, = Q^/D, 
Qq is a remaining capacity when the open-circuit voltage is Vocq, and Q^' is a remaining capacity when the open-circuit 
voltage is Voc^): the constant a, the constant b, the D and the Qq' are computed. 

[0172] In this way, for the rechargeable battery whose electricity storable capacity is decreased and whose internal 
resistance is increased, the relationship of the internal resistance Rd' = a x Rd(Q'/D, Id, T) + b (where Q' is a true 
remaining capacity when the electricity storable capacity is decreased) can be obtained. 

Detection of internal state of a rechargeable battery from pausing state to charging stage: 

[0173] When a given rechargeable battery to be inspected is situated in a paused state without subjecting to charging 
or discharging, a change with the passage of time in the open-circuit voltage (Voc) of the battery is measured. There- 
after, charging operation (pulse-charging operation) for the battery is started at a current value Ic^, where a battery 
voltage (Vc) is measured. And when an electricity quantity q., of a current value Ic^ x a time t^ x a charge-and-discharge 
efficiency Eff is charged to make the battery voltage to be Vc^, the charging operation is temiinated, where a change 
with the passage of time in the open-circuit voltage (Voc) is measured and the open-circuit voltage which is settled at 
a prescribed value is made to be Voc^. In this way, the internal state of the rechargeable battery is detected. 
[01 74] FIG. 26(1 ) shows a change with the passage of time in the battery voltage and a change with the passage of 
time in the charging current in the above operation. 

[0175] The open-circuit voltage Voc^ after the temnination of the charging operation can be obtained by measuring 
an open-circuit voltage Voc^ after an elapse of a prescribed period of time or by using an adequate equation showing 
the transient characteristics of the open-circuit voltage. 

[0176] FIG. 6 shows an example of a flow chart of steps, wherein charging operation is perfonned for a rechargeable 
battery from the time when the rechargeable battery is in a shutdown state (a paused state), where judgment is con- 
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ducted of whether the rechargeable battery is normal, whether the internal resistance Is increased or whether the 
electricity storable capacity is decreased. 

[0177] Now, computation of the internal resistance after judged that the internal resistance is increased and compu- 
tation of the internal resistance after judged that the electricity storable capacity is decreased are shown respectively 
in FIG. 7 and FIG. 8, which will be described later. 

[0178] In this embodiment, description is made of the method of detecting the internal state of the rechargeable 
battery by conducting the charging operation from the paused state. However, this is not limitative. The detection of 
the internal state of the rechargeable battery can be also conducted by a method wherein the charging operation is 
performed in a pulse-like manner for the rechargeable battery from its charged state. 

1 . Judgment of the presence of short-circuit: 

[01 79] When a rechargeable battery (Bg) to be inspected falls in any of the following cases (i) to (iii), the rechargeable 
battery is judged that It is short-circuited. 

(i) A case where from the relationship \/oc(Q) between the remaining capacity (Q) and the open-circuit voltage 
(Voc) of the corresponding normal rechargeable battery (BJ[where n means normal], the remaining capacity Qq 
of the rechargeable battery (B3) when the open<;ircu it voltage is Vocq. and a difference the open-circuit voltage 
Voc(Qo + qi) and the open-circuit voltage Voc^ after the charging operation is [Voc(Qo + - Voc^] > g., (g^ > 0). 

(ii) A case where from the relationship Vc(Q, Ic, T) between the remaining capacity (Q), the charging current (Ic). 
the battery temperature (T) and the battery voltage (Vc) of the nomnal rechargeable battery (BJ, [Vc(Qo + Qi Ic' 
T)- Vci]>ji (ji >0). 

. (iii) A case where from the relationship Rc(Voc, Ic, T) between the open-circuit voltage (Voc), the charging current 
(Ic), the battery temperature (T) and the internal resistance (Rc) of the normal rechargeable battery (B^), [Rc^ -Rc 
(Voc^. Ic, T)] < Zi(Zi < 0), with Rc^ being an Internal resistance when the battery voltage is Vc^. 

2. Judgment of whether a rechargeable battery to be inspected is normal, the internal resistance thereof is increased, 
or the electricity storable capacity is decreased: 

[0180] From the relationship Voc(Q) between the remaining capacity (Q) and the open-circuit voltage (Voc) of the 
corresponding normal rechargeable battery, for the rechargeable battery to be inspected, the remaining capacity Oq 
when the open-circuit voltage is Voco is obtained. When a difference between the open-circuit voltage Voc(Qo + q^) 
obtained from the relationship of Voc(Q) and the open -circuit voltage Voc^ after the charging operation is go ^ [Voc 
(Qq ^i) - Voc.,] ^ g^ (go < 0 < g^), it is judged that the rechargeable battery is free of a decrease in the electricity 
storable capacity. 

[0181] Separately, it is assumed that the transient characteristics of the battery voltage (Vc) of the rechargeable 
battery at an initial stage when the charging operation for the battery is commenced can be expressed by the following 
equation: 

Vc= Vi -(V^ -Voco)xe"^^ 

(with t being a charging time, V^ being a battery voltage of the battery when the charging time is extrapolated to infinity, 
and X being a time constant decided by an internal resistance or the like of the battery). And in accordance with the 
battery voltage Vc to a measured charging time t and In accordance with said equation, a time constant x when the 
charging operation is initiated at a charging current Ic^ from the open-circuit voltage Vocq and a battery voltage V^ are 
computed. 

[0182] FIG. 26(2) shows a graph illustrating the interrelation between the battery voltage V^ and the transient char- 
acteristics thereof. 

[0183] Now, when the interna! resistance of the rechargeable battery is made to be Rc^, the Rc^ can be obtained 
from equation Vi = VoCq + Ic^ x Rc^ and equation Rc^ = (V^ - Voco)/lci . This internal resistance Rc^ of the rechargeable 
battery is compared with the relational expression Rc (Vocq, Ic^, T) or Rc(Qo, \c^, T) of the internal resistance (Rc) 
[upon charging] of the corresponding nonnal rechargeable battery versus the previously acquired open-circuit voltage 
(Voco) or [the remaining capacity (Qq)], the charging current (Ic^), and the battery temperature (T). 
[0184] In the above comparison, 

(i) when the intemal resistance Rc^ of the rechargeable battery falls in a variation range of ^ [Rc^ . Rc(Qq, Ic^, 
T)] s 22 (Zi < 0 <Z2) or a variation range of j^ s [Vc^ - Vc(Qo + qi . Ic,, T)] ^ (j^ < 0 < jg) for the corresponding 
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normal rechargeable battery, the rechargeable battery is judged that it is normal. 

The variation range expressed by the above inequality is an allowable range for the characteristics including 
internal resistance and battery voltage for a normal rechargeable battery product. 

(ii) When the internal resistance Rc^ of the rechargeable battery (to be inspected) falls in a variation region of [Rc^ 
5 - Rc(Qo. Ic^. T)] > z2 (0 <22) or a variation range of jg < [Vc^ - Vc(Qo + .qi. Ic, T)] (0 < Ja), the rechargeable battery 

is judged that the internal resistance is increased. 

(iii) Separately when [Voc(Qo + qi) - Voci] <go (go < 0), the rechargeable battery is judged that the electricity 
storabte capacity is decreased. 

10 [Computation of an increase in the internal resistance] 

[0185] In theforegoing judgment 2, when the rechargeable battery is judged that the internal resistance is increased, 
the increased internal resistance can be computed in the manner shown in FIG. 7 which follows F [S41 7(intemal 
resistance Increased)] in FIG. 6. FIG. 7 shows an example of a flow chart of steps for computing an increase in the 

15 internal resistance of the rechargeable battery. 

[0186] Particularly, the rechargeable battery whose internal resistance is intended to examine is subjected charging 
from Its paused state at least two times. That is, for the rechargeable battery whose open-circuit voltage is VoCq, an 
electricity quantity of a current Ic^ x a time t^ is charged, and thereafter, for the rechargeable battery whose open- 
circuit voltage becomes to be Voc^, an electricity quantity qg of a current IC2 x a time t2 is charged where during the 

20 time until the charging operation is terminated, the battery voltage (Vc) is measured and the open-circuit voltage (V0C2) 
after the termination of the charging operation is measured. And an increased internal resistance R" = a x Rc(Q, Ic, T) 
+ b can be computed in the following manner. 

[0187] It is assumed that the transient characteristics of the battery voltage at a initial stage of the commencement 
of the charging operation can be expressed by the equation Vc = V., - (V., - VocO) x e'^^ (with t being a charging time, 
25 being a battery voltage (Vc) of the battery when the charging time t is extrapolated to infinity, and t being a time 

constant decided by an internal resistance or the like of the battery). 

[01 88] In the first charging operation, in accordance with said equation, a time constant t when the charging operation 
Is initiated at a charging current Ic^ from the open-circuit voltage Vocq and a battery voltage V-, are computed. 
[0189] The internal resistance Rc^ of the rechargeable battery at this time is computed from the equation V., = VoCq 
30 + Ic., X Rc^ or RCj = (V., - VoCo)/ICi. 

[0190] Similarly, in the second charging operation, in accordance with the equation. 

Vc = V2 - (V2 - V0C1) X e**^' (with t being a charging time, V2 being a battery voltage (Vc) of the battery when the charging 
time t is extrapolated to Infinity, and x being a time constant decided by an internal resistance or the like of the battery), 
a time constant t when the charging operation is initiated at a charging current Icg from the open-circuit voltage Voc^ 
35 and a battery voltage V2 are computed. 

[0191] The internal resistance RC2 of the rechargeable battery at this time is computed from the equation Vg = Voc^ 
+ IC2 X Rcg or Rc2 = (V2 - Voci)/IC2. 

[0192] When it is assumed that the internal resistance of the rechargeable battery is increased from Rc(Q, Ic, T) to 
a X Rc(Q, Ic, T) + b (where each of a and b is a constant), the above relationship can be expressed as will be described 
"^0 below. 

Rc^ -[a X Rc(Qo, Ic^, T) + b] = 0 

45 and 

Rcg -[a X Rc(Qo + q^ , IC2, T) + b] = 0, 

50 or 

= Q(Voc, ) and Rc2 - [a x Hc{Q^ , ICg, T) + b] = 0 

55 (where Qq is a remaining capacity when the open-circuit voltage is VoCq, and Q., is a remaining capacity when 

the open-circuit voltage is Voc^) 

[0193] By solving these equations, the constant a and the constant b can be computed, and the increased internal 
resistance Rc' = a x Rc(Q, Ic, T) + b can be computed. 
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[0194] In thiscompulation of the increasedinternal resistance Jnordertoobtainthebatteryvolta^^ 

current is changed, the foregoing equation is expressed using the time constant -c. But this is not limitative. It is possible 

to use other appropriate equations capable of being approximated. 

[Computation of a decrease in the electricity storable capacity] 

[0195] For the rechargeable battery judged that the electricity storable capacity is decreased in the foregoing judg- 
ment 2, when it is assumed that the decreased electricity storable capacity is D time (where D is a constant of 0 < D 
< 1) the electricity storable capacity of the con-esponding nonnal rechargeable battery, the value of the decreased 
electricity storable capacity can be obtained in accordance with the manner shown in FIG. 8 which follows G [S418 
(electricity storable capacity decreased)] in FIG. 6. FIG. 8 shows an example of a flow chart of steps for computing a 
decrease in the electricity storable capacity of the rechargeable battery. In Case 2 (S434) in FIG. 8. for the rechargeable 
battery whose internal resistance is smaller than the previously acquired internal resistance of the corresponding normal 
rechargeable battery and which is free of short-circuit, it is judged that the electricity storable capacity is decreased. 
[0196] In FIG. 26(1), in the case where for a rechargeable battery whose open-circuit voltage is Voco and which is 
in a paused state, an electricity quantity q1 is charged at a current value tc^ and the open-circuit voltage of the battery 
becomes to be Voc^ , the remaining capacity when the open-circuit voltage is VoCq is Qq if the battery is normal. However, 
since the rechargeable battery to be inspected is that the electricity storable capacity is decreased by D time as above 
described, the remaining capacity when the open-circuit voltage is Vocq is made to be Qq'. 

[0197] From Voc(Q) and Q(Voc) of the relationship of the open-circuit voltage (Voc) to the remaining capacity (Q) of 
the normal rechargeable battery, for the rechargeable battery whose electricity storable capacity is decreased by D 
time, when the remaining capacity of the rechargeable battery is multiplied by 1/D, the rechargeable battery can be 
considered as being corresponding to the normal rechargeable battery. This situation can be expressed as follows. 

Vocp = Voc(Qo) = Voc(Qo7D) 



Qo =Qo'/D = Q(Voco) 

[0198] In addition, when the remaining capacity of the rechargeable battery whose electricity storable capacity is 
decreased after the charging operation of the electricity quantity q^ is made to be there is established the following 
relationship. 



Qi* = Qo'+qi 



Voc^ = Voc[(Qo'-i- q^)/D] 



Qo'/D + q^/D = Q(Voc^) 



Q(VoCo) + q^/D = Q(VoCi) 



qi/D = Q(Voc^)-Q(Voco) 



D=q^/[Q(VoCi).Q(VoCo)l 

[0199] From this, a reduction constant D of the decreased electricity storable capacity can be computed. The re- 
maining capacity at this time becomes to be D x Q(Voc-,). 

[0200] Particularly, the rechargeable battery whose electricity storable capacity is intended to examine is subjected 
to charging from its paused state at least two times. That is, for the rechargeable battery whose open-circuit voltage 
is Voco, an electricity quantity q^ of a current value Ic^ x a time ti is pulse-charged in the first charging operation [see, 
FIG. 26(1 )). Atter the temnination of the first charging operation, forthe rechargeable battery whose open-circuit voltage 
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becomes to be Voc^ after the first charging operation, an electricity quantity q2 of a current value IC2 x a time tg is pulse- 
charged in the second charging operation [see, FIG. 26(2) where the charged electricity quantity q2 in relation to the 
charging current IC2 and the charging time t Is not shown], where during the time until the charging operation is termi- 
nated, the battery voltage (Vc) is measured and the open-circuit voltage (Vocg) after the termination of the second 
5 charging operation is measured. 

[0201] It is assumed that the transient characteristics of the battery voltage (Vc) in the second charging operation 
can be expressed by the equation 

Vc = V2 - (V2 - Voc^) X e'*^'^ (with t being a charging time, V2 being a battery voltage (Vc) of the battery when the charging 
time t Is extrapolated to infinity, and t being a time constant decided by an Internal resistance or the like of the battery). 
10 [0202] And in accordance with said equation, a time constant t when the charging operation is initiated at the charging 
current value IC2 from the open-circuit voltage Voc^ and a battery voltage Vg are computed. 

[0203] The internal resistance Rc2 of the rechargeable battery at this time can be computed from the equation Vg = 
Voc^ + IC2 X Rc2 or Rc2 = (V2 - Voc^)/ICi. 

[0204] When it is assumed that the internal resistance of the rechargeable battery is increased from Rc(Q x D, Ic, 
15 T) to a X Rc(Q x D, Ic, T) + b (where each of a and b is a constant), the above relationship can be expressed as will 
be described below. 

Rc^ -[a X* Rc(Qq7D, Ic^ , T) + b] = 0 and 

20 

Rc2 -[a X Rc(Q^7D + q^/D, IC2, T) + b] = 0, 

or 

25 

= Q//D = Q(Voc^) and RCg -[a x Rc(Q//D, ICg, T) + b] = 0 

[0205] By solving these equations, the constant a and the constant b can be computed, and the increased internal 
30 resistance Rc' = a x Rc(Q'/D, Ic, T) + b of the rechargeable battery whose electricrty storable capacity is decreased 
can be computed. 

[Detection of internal state of a rechargeable battery after the termination of the charging operation] 

35 [0206] After the charging operation for a rechargeable battery to be inspected is terminated at a battery voltage Vcg, 
the internal state of the battery is detected by measuring a change with the passage of time in the battery voltage and 
estimating the open-circuit voltage (Voc). 

[0207] FIG. 27 shows a graph for an example of the relationship between the battery voltage of a rechargeable 
battery upon constant current charging and a change with the passage of time in the open -circuit voltage of the battery 

40 after the charging operation is terminated. 

[0208] The estimation of the above open-circuit voltage (Voc) is performed as follows. The open-circuit voltage (after 
an elapse of a prescribed period of time from the time when the charging operation is temninated is made to be an 
open-circuit voltage Voc^. Or the time t from the time when the charging operation is terminated and the open-circuit 
voltage at that time are measured, where the open-circuit voltage which becomes steady at a given value is made to 

45 be Vocg. 

[0209] tt is assumed that the transient characteristics of the open-circuit voltage (Voc) can be expressed by the 
equation Voc = Voc^ + (Vc^ - Vocg) x e *^^ (with t being a charging time, Vocg being a battery voltage of the battery 
when the charging time t is extrapolated to infinity, and t being a time constant decided by an Internal resistance or 
the like of the battery). 

50 [021 0] In accordance with said equation, the time constant x is obtained from the Voc values measured at a plurality 
of points and a true value of the open-circuit voltage Voc^ is obtained. 

[Judgment of the presence of short-circuit] 

55 [021 1] When the change with the passage of time in the open-circuit voltage (Voc). that is, the reduction rate -dVocg/ 
dt of the open-circuit voltage (Voc) of a rechargeable battery to be inspected is greater than a prescribed value (vj, 
that is, -dVoc/dt > v^ > 0, it is judged that the rechargeable battery is short-circuited. 

[021 2] Separately, when the battery voltage Vcg of the rechargeable battery at the time when the charging operation 
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is terminated is smaller than that {m^ > 0) of the corresponding nomnal rechargeable battery, that is. Vcg < m^, the 

rechargeable battery to be inspected can be judged that it is short-circuited. 

[0213] FIG. 9 shows an example of a flow chart illustrating the judgment procedures. 

[Judgment of internal state of a rechargeable battery in constant current-constant voltage charging operation] 

[0214] In accordance with a constant current-constant voltage charging, constant current charging operation is per- 
formed for a rechargeable battery at a prescribed constant current value, when the battery voltage reaches a prescribed 
upper limit battery voltage Vcl, the constant current charging operation is switched to constant voltage charging op- 
eration, where the constant voltage charging operation is performed for the rechargeable battery whose battery voltage 
becomes Vcl at a prescribed constant voltage which is the same value as the battery voltage Vcl and after an elapse 
of a prescribed period of time, the charging operation is terminated. When the rechargeable battery is charged in this 
way, the internal state of the rechargeable battery is judged. 

[021 5] In this constant current-constant voltage charging method, when the charging operation for the rechargeable 
battery is nomially accomplished without the charging operation being suspended in the course thereof, the presently 
stored electricity quantity (that is, the remaining capacity) of the rechargeable battery becomes to be a full-charging of 
substantially 100% of the electricity storable capacity. 

[0216] In this judgment, a rechargeable battery (Bb)to be inspected is charged in accordance with the above constant 
current-constant voltage charging method so that the settled open-circuit voltage thereof after the full-charging is Voce. 
[021 7] The internal state of the rechargeable battery (8^) is judged by comparing with that of the normal rechargeable 
battery (BJ as will be described below. 

1 . Judgment of the presence or absence of short-circuit: 

[0218] When the rechargeable battery (8^) falls in any of the following cases (i) to (iv), the rechargeable battery is 
judged that it is short-circuited. 

(i) A case where a change (-dVocg/dt) with the passage of time in the open-circuit voltage of the rechargeable 
battery (Bb) after the full-charging is greater than that (v^) of the nonnal rechargeable battery (B^), that is, -dVocp/ 
dt > Vg > 0. 

(ii) A case where the battery voltage (Vc^) of the rechargeable battery (B^) when the entire charging operation is 
temiinated is smaller than that (mj of the normal rechargeable battery (Bg), that is, Vc^ < m^ (0 < mj. 

(lii) A case where an increase (dVc/dt) in the battery voltage of the rechargeable battery (B^) upon the constant 
current charging operation is smaller than that (s^) of the normal rechargeable battery (Bg) that is dVc/dt < s (0 

<So)- 

(iv) A case where a temperature rise (dT/dt) in the battery temperature (T) of the rechargeable battery (Bj,) since 
the commencement of the charging operation is greater than that (u^) of the normal rechargeable battery (B ) 
that is, dT/dt > u^ (u^ > 0). 

2. Judgment of increase in the internal resistance: 

[0219] When an increase rate (dVc/dt) of the battery voltage (Vc) of the rechargeable battery (B^) in the constant 
current charging operation is greater than that of the nomnal rechargeable battery (8^), and the open-circuit voltage 
(Vocg) of the rechargeable battery (6^) after the full-charging is smaller than that (ko) of the nomial rechargeable battery 
(BJ, that is. 0 < Vocg < Rq, the rechargeable battery (8^) is judged that the internal resistance is increased. 

3. Judgment of decrease in the electricity storable capacity: 

[0220] When in the constant current charging operation, the period of time consumed to reach the upper limit voltage 
(VcJ from the prescribed battery voltage in the case of the rechargeable battery (Bb) is shorter than that in the case 
of the nonnai rechargeable battery (B^) or an increase rate (dVc/dt) of the battery voltage of the rechargeable battery 
(Bb) in the constant current charging operation is greater than that (dVc^/dt) of the nonnal rechargeable battery (B^), 
that is, dVc/dt > dVC^/dt >0, and the open-circuit voltage (Vocg) of the rechargeable battery (Bb) after the full-charging 
is greater than that (ko) of the rechargeable battery (8 J. that is, Voc^ > ko > 0 , the rechargeable battery (Bb) is judged 
that the electricity storable capacity is decreased. 
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4. Judgment of whether the rechargeable battery is normal: 

[0221 ] When in the constant current charging operation, the period of time consumed to reach the upper limit voltage 
(VcJ from the prescribed battery voltage in the case of the rechargeable battery (Bi,) is substantially the same as that 
In the case of the normal rechargeable battery (B J or an Increase rate (dVc/dt) of the battery voltage of the rechargeable 
battery {B^) in the constant current charging operation is substantially the same as that (dVCr/dt) of the normal re- 
chargeable battery (BJ, that is, Sq g dVc/dt ^ (0 < s^ < s^), and the open-circuit voltage (Vocg) of the rechargeable 
battery (Bj,) after the full-charging is substantially the same as or somewhat greater than that (ko) of the rechargeable 
battery (BJ, that Is, Vocg ^ Kq > 0, the rechargeable battery (Bj,) can be judged that It is normal. 
[0222] FIG. 1 0 shows a flow chart illustrating an example of the above judgment procedure. 

[Judgment of internal state of a rechargeable battery in the case where the rechargeable battery is charged by using 
a constant current charging method while monitoring a change In the battery temperature or the battery voltage] 

[0223] In the charging method using the constant current charging method, charging operation for a rechargeable 
battery is conducted such that the charging operation is controlled or terminated by detecting a change with the passage 
of time in the battery temperature and/or a change with the passage of time in the battery voltage, that is, by detecting 
an increase in the battery temperature at a last stage of the charging operation and/or a decrease In the battery voltage 
at a last stage of the charging operation. Particularly, when the battery temperature is increased and/or the battery 
voltage is decreased at a last stage of the charging operation, the charging operation is terminated, where It is con- 
sidered that the rechargeable battery becomes to be a full-charging of substantially 100% of the electricity storable 
capacity. 

[0224] Each of a normal rechargeable battery (BJ and a rechargeable battery (B^,) to be Inspected is subjected to 
charging by the above charging method. 

[0225] And the Internal state of the rechargeable battery (6^) to be inspected is judged by comparing with that of the 
normal rechargeable battery (Bp) as will be described below. 

1 . Judgment of the presence or absence of short-circuit: 

[0226] When the rechargeable battery (6^) falls In any of the following cases (i) to (iv), the rechargeable battery is 
judged that it is short-circuited. 

(I) A case where a change (-dVoc^) with the passage of time in the open-circuit voltage of the rechargeable battery 
(Bb) after the full-charging is greater than that (v^) of the normal rechargeable battery (B^), that is, -dVoc^/dt >Vg > 0. 

(ii) A case where an increase (dT/dt) in the battery temperature (T) of the rechargeable battery (B^) fiom the time 
when the charging operation Is commenced is greater than that (u^,) of the normal rechargeable battery (BJ, that 
is, dT/dt > Uq (0 < Uq). 

(iii) A case where an increase (dVc/dt) in the battery voltage (Vc) of the rechargeable battery (B^) upon the constant 
current charging operation Is smaller than that (s^) of the normal rechargeable battery (Bp), that is, dVc/dt < (0 
<s<,). 

2. Judgment of increase in the internal resistance: 

[0227] When an increase rate (dVc/dt) of the battery voltage (Vc) of the rechargeable battery (B^) in the constant 
current charging operation is greater than that (s^) of the normal rechargeable battery (Bp), that is. dVc/dt > s^ (0 < 
Si). and the open-circuit voltage (Vocg) of the rechargeable battery (Bb) after the full-charging Is smaller than that (Rq) 
of the nonnal rechargeable battery (B^). that Is, 0 < Vocg ^ Kq, the rechargeable battery (Bj,) is judged that the internal 
resistance is Increased. 

,3. Judgment of decrease in the electricity storable capacity: 

[0228] When an increase rate (dVc/dt) in the battery voltage (Vc) of the rechargeable battery (B^) in the constant 
current charging operation is greater than that (s,) of the normal rechargeable battery (BJ, that is, dVc/dt > s., (0 < 
Si), and the open-circuit voltage (Vocg) of the rechargeable battery (B^) after the full-charging is greater than that (Kq) 
of the rechargeable battery (BJ. that Is, Vocg > ko > 0, the rechargeable battery (Bb) is judged that the electricity 
storable capacity is decreased. 
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4. Judgment of whether the rechargeable battery is normal: 

[0229] When an increase rate (dVc/dt) in the battery voltage (Vc) of the rechargeable battery {6^) in the constant 
current charging operation is substantially the same as that (dVc/dt) of the normal rechargeable battery (BJ, that is, 
s^, ^ dVc/dt ^ si (0 < So < Si), and the open-circuit voltage (Voc^) of the rechargeable battery (B^) after the full"charging 
is substantially the same as or somewhat greater than that (ko) of the rechargeable battery {B„), that Is, Vocp g Rq > 

0. the rechargeable battery (B^) can be judged that it is normal. 

[0230] FIG. 11 shows a flow chart illustrating an example of the above judgment procedure. 

[Judgment of internal state of the rechargeable battery upon the termination of the constant current charging operation 
in the charging method using constant current charging] 

[0231] In the constant current charging operation in the charging method, when the open-circuit voltage of the re- 
chargeable battery is less than a certain voltage value and after an elapse of a prescribed period of time, the charging 
operation is terminated. However, in the case where the battery voltage of the rechargeable battery reaches a pre- 
scribed upper limit voltage Vcl, the charging operation Is terminated. 

[0232] The intemal state of the rechargeable battery (Bb) is judged by comparing with that of the normal rechargeable 
battery (BJ as will be described below. 

1 . Judgment of the presence or absence of short-circuit: 

[0233] When the rechargeable battery (Bb) falls in any of the following cases (i) to (iv), the rechargeable batten^ is 
judged that it is short-circuited. 

(i) A case where a change (-dVocg) with the passage of time in the open-circuit voltage of the rechargeable battery 
(Bb) afterthe full-charging Is greater than that (v^) of the normal rechargeable battery (B^), that is, -dVocg/dt > Vg > 0 

(ii) A case where the battery voltage (Vc^) of the rechargeable battery (B^) when the entire charging operation is 
temiinated is smaller than that (mj of the normal rechargeable battery (B^), that is, Vcg < m^ (0 < m^). 

(iii) A case where an increase (dVc/dt) in the battery voltage of the rechargeable battery (bJ) upon the constant 
current charging operation is smaller than that (sj of the normal rechargeable battery (BJ, that is, dVc/dt < s (0 

< So). ' ^ 

(iv) A case where a temperature rise (dT/dt) in the battery temperature (T) of the rechargeable battery {B^) since 
the commencement of the charging operation is greater than that (u^) of the normal rechargeable battery (B ) 
that is, dT/dt > u^, (u^, > 0). 

2. Judgment of increase in the internal resistance: 

[0234] When an increase rate (dVc/dt) of the battery voltage (Vc) of the rechargeable battery (Bb) in the constant 
current charging operation is greater than that (Si) of the normal rechargeable battery (B^), that is, dVc/dt > (0 < 
s^), and the open-circuit voltage (Voc^) of the rechargeable battery (Bb) after the full-charging is smaller than that (k^) 
of the normal rechargeable battery (B„), that is, 0 < Voc^ ^ Kq. the rechargeable battery (Bb) is judged that the intemal 
resistance is increased. 

3. Judgment of decrease in the electricity storable capacity: 

[0235] When an increase rate (dVc/dt) of the battery voltage of the rechargeable battery (Bb) in the constant current 
charging operation is greater than that (dVc^dt) of the normal rechargeable battery (B„). that is, dVc/dt > dVc^dt > 0 
and the open-circuit voltage (Vocg) of the rechargeable battery (Bb) after the full-charging is greater than that (Rq) of 
the rechargeable battery (B^). that is. Voc^ > ko >0, the rechargeable battery (Bb) is judged that the electricity storable 
capacity is decreased. 

4. Judgment of whether the rechargeable battery is normal: 

[0236] When an increase rate (dVc/dt) of the battery voltage of the rechargeable battery (Bb) in the constant current 
charging operation is substantially the same as that (dVc^/dt) of the nomial rechargeable battery (BJ, that is S ^ 
dVc/dt ^ si (0 < So < si), and the open-circuit voltage (Vocg) of the rechargeable battery (Bb) after the"fu II -charging is 
substantially the same as or somewhat greater than that (ko) of the rechargeable battery (BJ. that is Vocp ^ kn > 0 
the rechargeable battery (Bb) can be judged that it is normal. » b -o > 
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[0237] FIG. 12 shows a flow chart illustrating an exannple of the above judgment procedure. 
Detection of Internal state of a rechargeable battery In a discharging state: 
(Judgment of the presence of short-circuit) 

[0238] For a rechargeable battery to be Inspected is In a discharging state, the discharging current Ido and the battery 
voltage Vd are measured. 

[0239] When the rechargeable battery falls In any of the following cases (I) and (11), it is judged that the rechargeable 
battery Is short-circuited or the remaining capacity thereof is very small. 

(i) A case where the battery voltage Is less than a prescribed voltage value. 

(11) A case where a decrease rate (-dVd/dt) of the battery voltage (Vd) is greater than a prescribed voltage value 
x^, that is, -dVd/dt > x-, (0 <x-,). 

[0240] Separately, when the battery voltage is greater than the prescribed voltage value or when the decrease rate 
(-dVd/dt) of the battery voltage (Vd) is less than the prescribed voltage value x^, that is, 0 < -dVd/dt ^ x^, it is judged 
that the rechargeable battery is normal or that a deterioration modeotherthan short-circuit is present in the rechargeable 
battery. 

[0241] FIG. 13 shows a flow chart illustrating an example of the above judgment procedure. 
[Detection of internal state of a rechargeable battery from its steady discharging state] 

[0242] For the rechargeable battery which is judged to be free of short-circuit from a change with the passage of 
time in the battery voltage upon the discharging in the above and which is in a steady discharging state, where the 
battery temperature of the rechargeable battery is T, the discharging current is Id^, and the battery voltage is Vdo, in 
the case where after a electricity quantity q Is discharged from the rechargeable battery, the battery voltage becomes 
to be Vd., at the discharging current Id., in the steady discharging state, and the rechargeable battery is normal in this 
case, when the open-circuit voltage (Voc) and the remaining capacity (Q)[the presently stored electricity quantity] when 
the battery voltage Is Vdo made to be Vocq and Qq respectively, the relationship of the characteristics of the re- 
chargeable battery in this case can be expressed as will be described in the following from the previously acquired 
relationship of the characteristics of the corresponding normal rechargeable battery. 

Voco = Voc(Qo) 



Qo = Q(VoCo) 



Vdo = Vcl(ldo, Qo. T) 



Qo = Q(Vdo. Ido. T) 



Qo-q = Q(Vdi.ldi,T) 



Vdi=Vd(ldi,Qo-q.T) 

[0243] By this, the internal state of the rechargeable battery can be judged as will be described below. 
1 . Judgment of whether the rechargeable battery is normal: 

[0244] From the previously acquired relationship of the remaining capacity, the discharging current, the battery tem- 
perature, and the battery voltage of the corresponding rechargeable battery, (i) when y^ ^ [Vd-, - Vd(Qo - q, Id^, T)] ^ 
yg (yi < 0 < yg) or (11) when w^ s Q(\6^, Vd^, T) - [Q(iclo. Vdo. "0 - q] ^ Wg (w^ < 0 < Wg). the rechargeable battery is 



25 



EP1 158 306 A2 

judged that it is normal. 

2. Judgment of increase in the internal resistance: 

[0245] From the previously acquired relationship of the remaining capacity, the discharging current, the battery tem- 
perature, and the battery voltage of the corresponding rechargeable battery, (i) when [Vd^ - Vd(Qo - q. Id^, T)] > yg (0 

< ys) or (ii) when Q(ldi, Vd^, T) - [Q(ldo. Vdo. T) - q] > (0 < Wg), the rechargeable battery is judged that the internal 
resistance is increased. 

3. Judgment of decrease in the electricity storable capacity: 

[0246] From the previously acquired relationship of the remaining capacity, the discharging current, the battery tem- 
perature, and the battery voltage of the corresponding rechargeable battery, (i) when [Vd^ - Vd (Qq - q, Id^ , T)] < y^ (y^ 

< 0) or (ii) when Q(ld,, Vd^ . T) - [Q{ldo. Vdo, "0 - q] < w^ (w^ < 0), the rechargeable battery is judged that the electricity 
storable capacity is decreased. 

[0247] FIG. 14 shows a flow chart illustrating an example of the above judgment procedures 
[0248] The various thresholds (Vq, fo. f,. r,. r^. go. g^. j, j^. 2,. z^, v,, mo. ko. Sq, s„ Uq. x,. w„ w^, y^. y^. etc.) in the 
specification and the flow charts are different depending on the kinds and types of rechargeable batteries and cannot 
be unifomily decided. These are decided from actually measured values of a normal rechargeable battery whose kind 
and type are the same as those of a rechargeable battery to be inspected. 

[Detection of internal state of a rechargeable battery when the discharging is changed from the steady discharging] 

[0249] In the case where the discharging cun-ent of the rechargeable battery in a substantially steady discharging 
state is changed n time(s) (where n is a positive integer, n = 1, 2, 3, 4. •■•), in this embodiment, by measuring the 
transient characteristics of the battery voltage when the discharging current is changed, the internal state of the re- 
chargeable battery is detected. The graph shown in FIG. 28(1 ) and that shown in FIG. 28(2) show respectively a change 
with the passage of time in the battery voltage and a change with the passage of time in the discharging current in the 
case where the discharging current was changed four times at the time of the steady charging. It is possible to inten- 
tionally occur a change in the discharging. The discharging current to change the discharging in this case is preferred 
to comprise a pulse current in a rectangular wave form. Separately, when the change of the discharging does not 
influence to an instrument in which the rechargeable battery Is used, the change of the discharging may be occurred 
by making the discharging to be a pulse-like state such that the discharging current intermittently becomes to be 0. 
[0250] Now, in the case where the discharging current in a steady state is 1^^ and the battery voltage at that time is 
Vdo, when the discharging current 1^^ is changed to 1^^ , an electricity quantity of a current value 1^^ x a time t^^ is 
discharged, and the discharging is returned to the discharging at the steady discharging current l„o, the battery voltage 
when the discharging is changed is measured at several points. And it is assumed that the transient characteristics of 
the battery voltage (V) when the discharging current is changed can be expressed by the equation V = V^^ + (V^^ - 
Vni) X e-vt (with t being a discharging time, V„i being a battery voltage of the battery when the discharging time Tis 
extrapolated to infinity, t being a time constant decided by an internal resistance or the like of the battery, and n is a 
positive integer of 1 , 2, 3, 4, •♦•). 

[0251 ] In accordance with the measured battery voltages V to the time t since the time when the discharging current 
IS changed and in accordance with said equation, the time constant t is estimated and a true value of the V^^ Is 
estimated. Using the result obtained, the internal state of the rechargeable battery is detected. " 
[0252] Vii, V21, V31 and in FIG, 28 (1) are battery voltages when the discharging current is changed four times 
Particularly, the graph shown in FIG. 28(1 ) shows the of the relationship of the changes in the battery voltage which 
are corresponding to the V„i (n = 1 . 2. 3, 4) in the case where it is assumed that the transient characteristics of the 
battery voltage when the discharging current is changed four times can be expressed by the equation V = V . + rv 
-V„i)xe't^. / H n1 I no 

[Computation of the internal resistance] 

[0253] For the rechargeable battery judged that the internal resistance is increased in the above judgment 2 (from 
the discharging in the steady state), description will be made of a method of computing the internal resistance and the 
remaining capacity (the presently stored electricity quantity) in the case where the internal resistance of the recharge- 
able battery is assumed, for instance, such that it is decreased from Ra(Q. Id, T) to a x Rd(Q, Id T) + b (where each 
of a and b is a constant). 

[0254] When the discharging current is changed at least three times from the steady discharging state, specifically, 
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for instance, when the battery voltage in the steady discharging at a discharging current I^q V^Q' supposed that 
the discharging current is changed to I-,-, and an electricity quantity q-, of a current value x a time t^-, from the battery 
voltage V^q discharged where the battery voltage is changed to V20 from V^q; then, the discharging current I20 of 
the steady discharging Is changed to I21 and an electricity quantity q2 of a current value I21 x a time t2i is discharged 
from the battery voltage Vgo where the battery voltage is changed to V30 from Vgo; and the discharging current Igi of 
the steady discharging is changed to Ig^ and an electricity quantity q3 of a current value Ig^ x a time t3^ is discharged 
from the battery voltage V30 where the battery voltage is changed to V4Q from V30. In this case, when the discharging 
current Ip^ of the steady discharging is changed to l„^ and an electricity quantity q„ of a current value 1^^ x a time „^ is 
discharged, It is assumed that the transient characteristics of the battery voltage In every case where the discharging 
current is changed can be expressed by the equation V = V^^ + (V^^^ - V^,^) x e"*^^ (with t being a discharging time, V^,^ 
being a battery voltage of the battery when the discharging time t is extrapolated to infinity, x being a time constant 
decided by an internal resistance or the like of the battery, and n is a positive integer of 1, 2, 3, 4, •••). 
[0255] In accordance with the measured battery voltages V to the time t since the time when the discharging current 
is changed and in accordance with said equation, the time constant x when the discharging current is changed to 
1^^ is estimated and a true value of the V^^ is estimated 

[0256] Next, In the case where the open-circuit voltage of the rechargeable battery having the remaining capacity 
(the presently stored electricity quantity) when discharging current is 1^ and the battery voltage is and when the 
internal resistance Rd* is expressed to be Rd'(Q, I, T) is made to be VoCno, the relationship In this case can be expressed 
as follows. 

Voc^ = 4- U X Rd'(Q^. I„^, T) = + x Rd'(Q^. I,„ T) 

[where n = 1 , 2, 3, •••]. 

[0257] And when the remaining capacities when battery voltages are V^Q' ^20' ^30 ^^^^ be Q^Q' ^20* 
and Q3Q, the following relationship is established. 

Q2o = Qio-c!i 

Q3o = Q2o-q2 = Qio-qi -^2 

[0258] In addition, the following relationship is established. 

^10 " ^11 - '11 

X Rd'(Q,o. In , T) - 1,0 X Rd'(Q,o. lio» T) 
V20 - V21 = X Rd'(Q2o. I21 . "0 - 120 X Rd'CQgo, I20' "0 
V30 - V31 = '31 X RdXQsQ, «31 . T) - 130 X Rcl'(Q3o. I30, T) 
Rd'(Q,o. l,o,T) = ax Rd(Q,o» "10.'^ +b 
• Rd'CQio. «ii.T) = ax Rd(Q,0' >ii'T)+b 
Rd'(Q2o. I20. T) = a x Rd(Q2o, Izo* + b 
Rd'{Q2o. I2V T) = a X Rd(Q2o. I21 . "0 + b 
Rcl'(Q3o, I30. T) = a X Rd(Q3o, I30. T) + b 
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Rd'(Q3o, I31, T) = a X Rd(Q3o, Ig^. T) + b 

(where each of a and b is a constant) 
5 [0259] By solving these equations, the remaining capacity Q^q. the constant a, and the constant b can be obtained. 
In addition, the present remaining capacity Q30 and the internal resistance Rd'(Q, I, T) of the rechargeable battery 
which is deteriorated to Increase the internal resistance can be obtained. 

[0260] The flow chart shown in FIG. 15 and that shown in FIG. 17 which is annexed to FIG. 15 show an example of 
the procedures wherein after judging that the internal resistance is increased in FIG. 14, the internal resistance and 
10 the present remaining capacity are computed as above described. 

[0261] In the above computation of the internal resistance, in order to estimate the battery voltage when the dis- 
charging current is changed, the equation in which the time constant x is used is used. This is not limitative. It is possible 
to use other appropriate equation capable of approximating. 

15 [Computation of a decrease coefficient when the electricity storable capacity is decreased and the internal resistance] 

[0262] For the rechargeable battery judged that the electricity storable capacity is decreased in the above judgment 
3 (from the discharging in the steady state), description will be made of a method of computing a decrease coefficient 
of the decreased electricity storable capacity and the internal resistance by assuming that electricity storable capacity 

20 of the rechargeable battery is decreased from C to C = D x C (where D is a constant of 0 < D < 1) and the internal 
resistance of the rechargeable battery is increased from Ra(Q, Id, T) to Rd'(Q, Id, T) = a x Rd(Q, Id, T) + b (where 
each of a and b is a constant). Here, because of the above assumption of the decrease in the electricity storable 
capacity, the remaining capacity Q of the corresponding nomial rechargeable battery which is computed from the 
previously acquired relationship of the discharging current and the battery voltage of the normal rechargeable battery 

25 comes to a result that it is decreased to Q* = D x Q in practice. 

[0263] Now, when the discharging current is changed at least four times from the steady discharging state, specifi- 
cally, for instance, when the battery voltage in the steady discharging at a discharging current I^q is V^q, it is supposed 
that the discharging current is changed to l^^ and an electricity quantity q^ of a current value 1^-, x a time t^^ from the 
battery voltage V^o is discharged where the battery voltage is changed to V20 from V^q: then, the discharging current 

30 of the steady discharging Is changed to I21 and an electricity quantity q2 of a current value Igi x a time tgi is discharged 

from the battery voltage V20 where the battery voltage is changed to V30 from Vgo; successively, the discharging current 
I30 of the steady discharging is changedto Ig^ and an electricity quantity acurrent value I31 x a timet3^ Is discharged 
from the battery voltage V30 where the battery voltage Is changed to V4Q from V30; further, the discharging current I40 
of the steady discharging is changed to 1^^ and an electricity quantity q4 of a current value 14^ x a time t4^ is discharged 

35 from the battery voltage V40 where the battery voltage is changed to V50 from V40. 

[0264] In this case, when the discharging current I^q of the steady discharging is changed to l^^ and an electricity 
quantity q^ of a current value l^i x a time is discharged, it is assumed that the transient characteristics of the battery 
voltage in every case where the discharging current is changed can be expressed by the equation V = \/^^ + (V^q - 
Vni) X e-*^^ (with t being a discharging time, Vp^ being a battery voltage of the battery when the discharging time t is 

40 extrapolated to infinity, t being a time constant decided by an internal resistance or the tike of the battery, and n is a 
positive integer of 1 , 2, 3 , 4, •••). 

[0265] In accordance with the measured battery voltages V to the time t since the time when the discharging current 
is changed and in accordance with said equation, the time constant x when the discharging current 1^^, is changed to 
1^., is estimated and a true value of the V^., is estimated. 
45 [0266] Next, in the case where the open-circuit voltage of the rechargeable battery having the remaining capacity 
(the presently stored electricity quantity) when discharging current is 1^^ and the battery voltage is and when the 
internal resistance is expressed to be Rd'(Q. I. T) is made to be Voc^o. the relationship in this case can be expressed 
as follows. 



50 



VoCno = V^-*''noXRd'(Q„^. "no.T) = V„l -Hl„i xRd'(Q„^. I„,,T) 



[where n = 1. 2, 3, •••]. 

[0267] And when the remaining capacities when battery voltages are V^q, VgQ, V30, and V40 are made to be Q^o, 
55 Q20, Q30 and Q40, the following relationship Is established. 
When Q = Q7D. 
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Q20' = Q10' - qi 



10 That is, when Q^q = Qio'^D. Q20 = (Q10* " QiVD, Q30 - (Q10* - qi - qaVD. anci Q40 = (Q10' - qi - q2 " qsVD, 



V20 - ^21 = '21 X Rd'(Q2o. »2i > T) - "20 X Rcl'(Q2o. I20. "0 

^30 " ^31 ^ '31 

X Rd'(Q3o, '31 . - I3Q X Rd'(Q3o, I30, T) 

20 

V40 - = X Rd'(Q4o, Ui . T) - 140 X Rd*{Q4o. I^q. T) 
Rd'(Qio» No. T) = a X RdCQ^Q, l^j. T) + b 



Rd'(Q,o, (^^ , T) = a X Rd(Qio, I^i. T) + b 
Rd'(Q2o. *20. T) = a X Rd(Q2o. Igo. "0 + b 



Rci'(Q2o» I21 . = a X Rd(Q2o, I21 . "0 + b 

35 

Rci'{Q3o, I30, T) = a X Rd(Q3o. I30. T) + b 
Rd'{Q3o. I31 , T) a X Rd(Q3o, I31 . T) + b 



Rd'(Q4o. I40. T) = a X Rd(Q4Q, I40, T) + b 



Rd'(Q4o, , T) = a X Rd(Q4o, I41, T) + b 

(where each of a and b is a constant) 
[0268] By solving these equations, the constant a, the constant b, the D. and the Q^q = Q'^q/D can be obtained. In 
50 addition, the electrblty storable capacity which is deteriorated to be D time and the Increased internal resistance can 
be obtained. 

[0269] For the discharging current changed from the steady discharging, by intentionally flowing it so that the dis- 
charging current Ip^ is greater than the steady discharging current I^q and it is l^^ = Ino ^'^i. the internal state of the 
rechargeable battery can be more accurately detected. The discharging current l^,., here is preferred to be less than 
55 the current value of the 0.5 hour rate (2C) discharging. 

[0270] The flow chart shown in FIG. 16 and that shown in FIG. 1 7 which is annexed to FIG. 16 show an example of 
the procedures wherein after judging that the electricity storable capacity is decreased In FIG. 1 4, the internal resistance 
and the present remaining capacity are computed as above described. 
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Computation of the remaining capacity of the rechargeable battery which is judged to be normal: 

[0271] The remaining capacity (the presently stored electricity quantity) of the rechargeable battery which is judged 
to be nornial in the paused state, the charging state, or the discharging state can be computed as will be described 
below. 

1 . In the case where the rechargeable battery is in the pausing state: 

[0272] With reference to the measured open-circuit voltage Vocq of the rechargeable battery (to be inspected) in the 
paused state and with reference to the previously acquired relationship Voc(Q) of the open-circuit voltage (Voc) to the 
remaining capacity (Q) for the corresponding normal rechargeable battery, there is established the function formula 
Voc(Qo) = VoCq or Qq = Q(Voco). 

[0273] In accordance with this function fomnula, the remaining capacity Oq of the rechargeable battery to be inspected 
can be estimated. 

2. In the case where the rechargeable battery is in the charging state: 
[0274] 

(i) For the rechargeable battery to be inspected, the charging current, the battery temperature and the battery 
voltage are measured. And with reference to the previously acquired relational expression Vc(Q, Ic, T) orQ(Vc, 
Ic, T) of the battery voltage (Vc) to the remaining capacity (Q), the charging current (Ic) and the battery temperature 
(T) for the corresponding normal rechargeable battery, the remaining capacity Q of the rechargeable battery to be 
inspected can be estimated. 

(ii) From the temporal suspension of the charging, the open-circuit voltage Voc of the rechargeable battery is 
measured as the time constant x in accordance with the foregoing equation showing the transient characteristics 
of the battery voltage. And the remaining capacity of the rechargeable battery at this time is measured. 

(iii) From the measured value of a charging termination battery voltage Vc^ at a discharging current Ic for the 
rechargeable battery to be inspected and from the previously relational expression of the battery voltage (Vc) to 
the remaining capacity (Q). the charging current (Ic) and the battery temperature (T) for the corresponding normal 
rechargeable battery, when the remaining capacity of the rechargeable battery to be inspected when the charging 
operation is tenninated is made to be Q^, there is established the function fomnula Vc^ = Vc(Qe, Ic, T) or Q(Vce, 
Ic, T). Or from the previously acquired relational expression Voc(Q) of the open-circuit voltage (Voc) to the remain- 
ing capacity (Q) for the corresponding nonnal rechargeable battery, there is established the function formula Voc 
(Qg) = Vocg or = Q(Voce). Using these function fomriulas, the remaining capacity of the rechargeable battery 
to be inspected can be estimated. 

[0275] The remaining capacity of the rechargeable battery to be inspected can be estimated by using any of the 
above-described methods (i) to (iii), 

3. In the case where the rechargeable battery is in the discharging state: 
[0276] 

(i) The remaining capacity of the rechargeable battery (to be inspected) which is engaged in the discharging op- 
eration is estimated with reference to the previously acquired relational expression Vd(Q, Id, T) or Q(Vd, Id, T) of 
the battery voltage (Vd) in relation to the remaining capacity (Q). the discharging current (Id) and the battery tem- 
perature (T) for the corresponding nomna! rechargeable battery. 

(ii) The remaining capacity of the rechargeable battery (to be inspected) which is engaged in the discharging 
operation is estimated with reference to the previously acquired relational expression Q(Rd, Id, T) of the internal 
resistance (Rd) in relation to the remaining capacity (Q), the discharging cuaent (Id) and the battery temperature 
(T) for the corresponding nomrial rechargeable battery. 

[0277] The remaining capacity of the rechargeable battery to be inspected can be estimated by using any of the 
above-described methods (i) and (ii). 
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Computation of the remaining capacity of the rechargeable battery whose internal resistance is increased when the 
rechargeable battery is engaged in the charging operation or when the charging operation is terminated : 

[0278] When the rechargeable battery is judged to be free of short-circuit and of decrease in the electricity storable 
5 capacity but that the Internal resistance is increased during the operation where the battery is engaged in the charging 
operation from the paused state and the battery is paused, the increased intemal resistance Rc'(Q, Ic, T) upon the 
charging operation is estimated. And in accordance with the function formula Vc = Voc(Q) + Ic x Rc'(Q, Ic, T) of the 
relationship between the open-circuit voltage (Voc), the battery voltage (Vc), the charging current (Ic) and the internal 
resistance (Re*) upon the charging operation, the remaining capacity of the rechargeable battery to be inspected when 
10 the battery is engaged in the charging operation or the charging operation is terminated can be computed. 

Computation of the remaining capacity of the rechargeable battery whose internal resistance is increased when the 
battery is engaged in the discharging operation : 

15 [0279] For the rechargeable battery judged to be free of short-circuit and of decrease in the electricity storable ca- 
pacity but that the internal resistance is increased during the operation where the battery is engaged in the discharging 
operation from the paused state and the battery is paused or from the computation of a change in the discharging 
during the steady discharging, the increased internal resistance Rd' (Q, Id, T) upon the discharging is estimated. From 
the function formula Vd = Voc(Q) - Id x Rd'(Q, Id, T) of the relationship between the open-circuit voltage (Voc), the 

20 battery voltage (Vd), the discharging current (Id), and the intemal resistance [Rd'(Q, Id, T)) upon the discharging op- 
eration, the battery voltage upon the discharging operation can be expressed as a function formula Vd = Vd'(Q, Id, T) 
of the battery voltage (Vd) to the remaining capacity (Q), the discharging current (Id), and the battery temperature (T), 
[0280] Based on this, by measuring the battery voltage (Vd), the discharging current (Id) and the battery temperature 
(T), the remaining capacity (Q) of the rechargeable battery (to be inspected) upon the discharging operation can be 

25 computed. 

Computation of the remaining capacity of the rechargeable battery whose electricity storable capacity is decreased 
when the battery is engaged in the charging operation or when the charging operation is terminated: 

30 [0281] For the rechargeable battery judged that the electricity storable capacity is decreased in the operation where 
the battery is engaged in the charging operation from the paused state and the battery is paused, a decrease coefficient 
D of the decreased electricity storable capacity (0 < D < 1) Is estimated. And the remaining capacity (the presently 
stored electricity quantity) of the rechargeable battery Is computed as will be described below. 

35 1 . In the case where the internal resistance of the rechargeable battery is not increased: 

[0282] A value obtained by multiplying an estimated remaining capacity of the rechargeable battery (which is con- 
sidered as being normal) by D time is made to be a practical remaining capacity. And the electricity storable capacity 
of the rechargeable battery when the charging operation is temninated (upon the full-charging) is made to be D time 
40 the nominal capacity of the corri3sponding normal rechargeable battery. 

2. In the case where the internal resistance of the rechargeable battery is increased: 

[0283] The increased internal resistance Rc*(Q, Ic, T) of the rechargeable battery is estimated. And in accordance 
-^5 with the relational formula Vc = Voc(Q) -i- Ic x Rc*(Q, Ic, T) of the relationship between the open-circuit voltage (Voc), 
the battery voltage (Vc), the charging current (Ic) and the internal resistance (Re*) upon the charging operation, the 
remaining capacity Q of the rechargeable battery is computed. The Q obtained is multiplied by D time to obtain a value 
of Q' = D X Q. This value is made to be a practical remaining capacity of the rechargeable battery. 
[0284] Separately, a value obtained by multiplying the electricity storable capacity C (the nominal capacity) of the 
50 corresponding normal rechargeable battery can be considered as the electricity storable capacity C of the rechargeable 
battery (to be inspected) when the charging operation is temninated (upon the full-charging). 

[0285] Besides, when the nominal capacity of a rechargeable battery or the electricity storable capacity thereof at 
an initial stage when the battery is started using is made to be C, the battery performance relative to the electricity 
storable capacity of the rechargeable battery after the battery is deteriorated can be computed as C7C or 1 00 x C7C 
55 [%]. And when the battery performance relative to the electricity storable capacity of the rechargeable battery after the 
battery is deteriorated becomes to be, for instance, less than 60%, it is possible to judge that the rechargeable battery 
is over the lifetime. 



31 



EP1 158 306 A2 



Computation of the remaining capacity of the rechargeable battery whose electricity storable capacity is decreased 
when the battery is engaged in the discharging operation: 

[0286] For the rechargeable banery judged that the electricity storable capacity is decreased during the operation 
where the battery is engaged in the discharging operation from the paused state and the battery is paused or from the 
computation of a change in the discharging during the steady discharging, a decrease coefficient D of the decreased 
electricity storable capacity (0 < D < 1 ) is estimated. And the remaining capacity (the presently stored electricity quantity) 
of the rechargeable battery is obtained as will be described below. 

1 . In the case where the internal resistance of the rechargeable battery is not increased: 

[0287] A value obtained by multiplying an estimated remaining capacity of the rechargeable battery (which is con- 
sidered as being normal) by D time is made to be a practical remaining capacity. And the electricity storable capacity 
of the rechargeable battery is made to be D time the nominal capacity of the corresponding normal rechargeable battery. 

2. In the case where the internal resistance of the rechargeable battery is increased: 

[0288] A decrease coefficient D of the decreased electricity storable capacity of the rechargeable battery is estimated. 
The increased internal resistance of the rechargeable battery upon the discharging operation is obtained in terms of 
the function fomnula Rd*(Q. Id, T). 

[0289] And in accordance with the relational formula Vd = Voc(Q) - Id x Rd'(Q, Id, T) of the relationship between the 
open-circuit voltage (Voc), the battery voltage (Vd), the discharging current (Id) and the internal resistance (Rd') upon 
the discharging operation, the battery voltage of the rechargeable battery (Vd) upon the discharging operation can be 
expressed as a function formula Vd = Vd'(Q, Id, T) of the relationship between an apparent remaining capacity (Q), 
the discharging current (Id) and the battery temperature (T), From the measured result of the battery voltage (Vd), that 
of the discharging current (Id) and that of the battery temperature (T), the apparent remaining capacity (Q) can be 
computed. The Q computed is multiplied by D time to obtain a value of Q* = D x Q. This value is made to be a practical 
remaining capacity of the rechargeable battery. 

Computation of the period of time until the charging operation is temninated: 

[0290] By estimating the remaining capacity (Q) of the rechargeable battery during the charging operation by the 
previously described method, the period of time until reaching the remaining capacity when the charging operation is 
terminated can be computed. 

Computation of the usable capacity (the presently residual electricity quantity) with which an instrument can be used : 

[0291] For a rechargeable battery which is used in an instrument as the power source, after the remaining capacity 
Q of the rechargeable battery when the battery is engaged in the discharging operation is estimated by the previously 
described method, by computing the remaining capacity Q^j^ of the rechargeable battery when the voltage of the 
battery becomes to be the minimum voltage V^j^ capable of actuating the instrument, the usable capacity (Q - Q^jJ 
[the presently residual electricity quantity] with which the instrument can be used can be estimated. 

Computation of actuation duration of the Instrument: 

[0292] The usable capacity (Q - J of the rechargeable battery with which the instrument can be used is computed 
as above described. When an average consumptive current consumed by the instrument is made to be i, and an 
average consumptive power consumed by the instrument is made to be p, an actuation duration h of the instrument 
can be computed in accordance with the equation h = (Q - Q^.J/i or h = (Vd 4- V^ J x (Q - Q„jn)/2p. 
[0293] The value of the average consumptive current or the value of the average consumptive power is prefen-ed to 
be computed depending on an instrument operation pattern and a use frequency of a user of the instrument. 

Rechargeable batteries for which the detecting method for detecting internal state of a rechargeable battery accordinq 

to the present invention can be applied: 

[0294] The detecting method of the present invention can be adopted for any rechargeable batteries. As specific 
examples of such rechargeable battery, there can be mentioned, for example, rechargeable lithium (ion) batteries, 
rechargeable nickel-metal hydride batteries, rechargeable nickel-cadmium batteries, rechargeable nickel-zinc batter- 
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les, and rechargeable lead acid batteries. Besides, the detecting method of the present invention can be adopted for 
primary batteries. In this case, for a given primary battery to be inspected, when a primary battery product which is 
corresponding to said given primary battery is provided, and for the primary battery product, measured data of the 
relationship between the dischargeable capacity and the open-circuit voltage and the relationship between the dis- 
5 charging current, the battery voltage, the battery temperature and the dischargeable capacity are acquired in advance, 
it is possible to compute the remaining capacity of the primary battery (to be inspected) upon the discharging operation 
or the pausing time. Besides, for an instrument in which the primary battery is used as the power source, it is possible 
to compute an approximate usable capacity of the primary battery with which the instrument can be used. 

10 Detecting device for detecting internal state of a rechargeable battery : 

[0295] The present invention provides a detecting device for detecting internal state of a rechargeable battery. The 
detecting device of the present invention comprises at least (i) a voltage-detecting means for detecting a voltage be- 
tween a pair of terminals of an inspective rechargeable battery, (ii) a current-detecting means for detecting a current 

^5 (a charging current or a discharging current) flown in said inspective rechargeable battery, (iii) a temperature-detecting 
means for detecting a temperature of said inspective rechargeable battery, and (iv) a memorizing means for memorizing 
previously acquired basic data of a normal rechargeable battery which is the same kind and the same type of said 
Inspective rechargeable battery or a function fomnula obtained by digitizing said basic data, wherein from said basic 
data or said function formula memorized in said memorizing means (Iv) and information obtained from said voltage- 

20 detecting means (i), said current-detecting means (ii) and said temperature-detecting means (iii), an internal state of 
said inspective rechargeable battery is detected. 

[0296] The detecting device of the present invention is preferred to have an operational means (v) for processing 
said basic data and said information obtained from said voltage-detecting means (i), said current-detecting means (ii) 
and said temperature-detecting means (iii). The operational means (v) is preferred to have one or more means selected 

25 from the group consisting of (1 ) a computation means forcomputing a remaining capacity (a presently stored electricity 
quantity) of said inspective rechargeable battery, (2) a computation means forcomputing an internal resistance of said 
inspective rechargeable battery, (3) a computation means for computing a usable capacity (a presently residual elec- 
tricity quantity) of said Inspective rechargeable battery with which an instrument can be used, (4) a computation means 
for computing an average consumptive current or an average consumptive power which is consumed by said instru- 

30 ment, (5) a computation means for computing a time required until charging operation for said inspective rechargeable 
battery is tenminated, and (6) a computation means for computing a remaining capacity of said inspective rechargeable 
battery after said charging operation is temninated. 

[0297] Further, the detecting device of the present invention is preferred to have a judging means for judging of 
whether said inspective rechargeable battery is normal or deteriorated and judging a deterioration mode when said 
35 inspective rechargeable battery is deteriorated, 

[0298] Further in addition, the detecting device of the present invention is preferred to have an output means for 
outputting said information obtained from said voltage-detecting means (i), said current-detecting means (ii) and said 
temperature-detecting means (iii) or/and information relating to the internal state of said inspective rechargeable battery 
or an indication means for indicating these information. 

40 

Examples of the detecting device of the present invention: 

[0299] FIG. 29 is a schematic diagram illustrating an example of the detecting device of the present invention for 
detecting an internal state of an inspective rechargeable battery, having such circuit constitution as shown in FIG. 29. 
The internal state typically includes a deterioration state, an electricity storable capacity, a remaining capacity (a pres- 
ently stored electricity quantity), and an internal resistance of the rechargeable battery as previously described. 
[0300] The circuit constitution of the detecting device of the present invention basically comprises a pair of terminals 
2101 for connecting the rechargeable battery to the apparatus body, a battery voltage-detecting portion 21 02 for de- 
tecting a voltage between a pair of terminals (an inter-terminal voltage) of the rechargeable battery, a battery temper- 
so ature-detecting portion 2103 for detecting a temperature of the rechargeable battery, a current sense resistor 2104 for 
detecting a charging or discharging current of the rechargeable battery, an amplifier 21 05, a resistor 1 (21 06), a resistor 
2 (2107), a transistor 1 (2108), a transistor 2 (2109), and a control portion 2110. The resistor 1 (2106), the resistor 2 
(21 07), the transistor 1 (21 08), and the transistor 2 (21 09) together serve to add a charging or discharging pulse current 
to the rechargeable battery. The terminals 21 01 serve to readily and surely electrically connect a rechargeable battery, 
55 a battery pack (having one or more rechargeable batteries packaged therein), or a rechargeable battery module re- 
spectively to be Inspected in accordance with the detecting method of the present invention (these to be inspected will 
be hereinafter collectively referred to as "inspective rechargeable battery") with the apparatus body. The battery- voltage 
detecting portion 21 02 with a high input impedance serves to detect an inter-terminal voltage between the anode and 
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the cathode of the inspectlve rechargeable battery, where information of the detected voltage is outputled from the 
battery-voltage detecting portion 2102 into the control portion 2110. The battery temperature-detecting portion 2103 
serves to detect a temperature of the inspective rechargeable battery by means of, for instance, a thermister or a 
thermocouple, where information of the detected battery temperature is outputted from the battery temperature-de- 
tecting portion 2103 into the control portion 2110. A charging or discharging current of the inspective rechargeable 
battery is detected and converted into a voltage signal by the current sense resistor 2104, the voltage signal from the 
current sense resistor 2104 is inputted into the amplifier 2105 where the voltage signal with current information is 
amplified, and the current information is inputted into the control portion 21 1 0. A pulse current-adding portion comprising 
the resistor 1 (2106), the resistor 2 (2107), the transistor 1 (2108), and the transistor 2 (2109) serves to flow a current 
of a value which is corresponding to a voltage signal wave from the control portion to the system containing the current 
sense resistor 21 04 and the inspective rechargeable battery which are electrically connected with the temiinals 2101. 
The voltage signal wave comprises a rectangular wave, a stepwise wave or a wave comprising these waves. 
[0301] The control portion 2110 has a memory in the inside or the outside thereof. Tables of previously acquired 
characteristics data of a normal rechargeable battery corresponding to the inspective rechargeable battery electrically 
connected with the temninals 2101 or function fonnulas Voc(Q), Vd(Q, Id, T), Vc(Q, Ic, T), Rd(Q, Id, T), and Rc{Q, Ic. 
T) of approximation curves based on said data of the normal rechargeable battery are memorized in the memory of 
the control portion 2110. where Q is a remaining capacity (a presently stored electricity quantity) of the normal re- 
chargeable battery, Voc is an open-circuit voltage of the normal rechargeable battery, T is a temperature of the normal 
rechargeable battery, Id is a discharging current for the nonnal rechargeable battery, Vd is a battery voltage of the 
normal rechargeable batter when the battery is subjected to discharging, Ic is a charging current for the normal re- 
chargeable battery, Vc is a battery voltage of the normal rechargeable battery when the battery is subjected to charging, 
Rd is an internal resistance of the nonnal rechargeable battery when the battery is subjected to discharging, and Rc 
is an internal resistance of the normal rechargeable battery when the battery is subjected to charging. 
[0302] According to the detecting device of the present invention which is provided with the temperature (T)-detecting 
means, the current(l)-detecting means, the voltage (V)-detecting means and the pulse current-adding means for the 
inspective rechargeable battery connected to the tenninals (2101) as above described, by perfomiing the execution 
operation of the previously described detection procedures, detection of the internal state of the inspective rechargeable 
battery can be conducted. 

[0303] Separately, in the case where data of the voltage, the current and a change state of the current, a change 
frequency of the current, and the like for a normal rechargeable battery or a normal battery pack are memorized in the 
control portion of the detecting device, not only for the detecting device but also for an instrument in which a recharge- 
able battery or a battery pack is used, an operation pattern or use frequency by a user can be grasped. In this case, 
from the usable capacity (the presently residual electricity quantity) of the inspective rechargeable battery which is 
computed by the method of the present invention, with reference to the grasped operation pattern or use frequency 
by the user, by digitizing an average consumptive current or power necessary in order to compute the actuation time 
of the instrument in which the rechargeable battery is used into a vale which conforms the realities, the usable capacity 
of the rechargeable battery can be more accurately detected. 

[0304] Besides, in the detecting device of the present invention, it is possible to provide an indication function means 
for indicating infomiation of a computed electricity storable capacity, a computed usable capacity of the rechargeable 
battery and a computed deterioration rate of the electricity storable capacity, an indication function means for indicating 
information of a judged result of the rest of lifetime of the rechargeable battery, and an indication function means for 
indicating infomnation of a consumed power and the like. In this case, it is possible to inform a user of an accurate 
present state of the rechargeable battery. As such indication function means, there can be mentioned liquid crystal 
displays, sounders, alarms such as warning buzzers and lamps, or the like 

[0305] The above-described detecting device shown in FiG. 29 according to the present invention can be independ- 
ently actuated by connecting to a given inspective rechargeable battery. In the detecting device shown in FIG. 29, a 
power source necessary to actuate the apparatus is not shown. The power in order to actuate the apparatus may be 
supplied from the outside. Alternatively, the power in order to actuate the apparatus can supplied from an inspective 
rechargeable battery connected to the apparatus through a regulator 

[0306] FIG. 30 is a schematic diagram illustrating another example of the detecting device of the present invention 
wherein the detecting device shown in FIG. 29 is combined with a rechargeable battery (2111) and accommodated in 
a battery module (or a battery pack), having such circuit constitution as shown in FIG. 30. 

[0307] The circuit constitution of the detecting device shown in FIG. 30 is a partial modification of the circuit consti- 
tution shown in FIG. 29. Therefore, here, description will be made of the constitution not shown in FIG. 29. 
[0308] The circuit constitution shown in FIG. 30 has a positive terminal 2112 of the battery module (or the battery 
pack), a negative terminal 2113 of the battery module (the negative terminal 2113 is capable of serving also as a 
charging negative temninal), a charging positive terminal 2114, a battery voltage monitor output terminal 2115, and a 
communication mechanism 2116 to an instrument to be connected. 
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[0309] By having such communication mechanism, the battery module having the detecting device of the present 
invention accommodated therein is able to notice information of internal state of the rechargeable battery 2111 or 
battery pack such as the remaining capacity, the lifetime, and the like to the instrument connected and to obtain infor- 
mation of the charging or occurrence of a change in the charging current from the side of the instrument. 
5 [0310] Separately, if necessary, after the operation described in the case shown In FIG. 29, it Is possible to make 
the control portion of the apparatus in this embodiment to perform control in order for the rechargeable battery (2111) 
to be prevented from being overcharged (2117) or overdicharged (2118). 

[0311] Besides, it is possible that the detecting device of the present invention is accommodated in a rechargeable 
battery or in a charger of a battery pack. In this case, an inspective rechargeable battery or an inspectlve battery pack 
w is set to the battery charger, where the remaining capacity of the rechargeable battery prior to commencing charging 
or during the charging operation can be distinguished. By this, it is possible that the residual time required until the 
full-charging is grasped and the grasped result is noticed to the outside as an indication or information. It is also possible 
that the deterioration state or the rest of lifetime of the rechargeable battery is noticed to the outside as an indication 
or information. 

15 [0312] Further, the detecting device of the present invention can be accommodated in an instrument in which a 
rechargeable battery is used. In this case, for the instrument, by way of a slight modification, the internal state thereof 
represented by the usable capacity and the lifetime of a rechargeable battery or a battery pack connected to the in- 
strument can be distinguished. It is also possible that the control portion of the main body of the instrument is made 
to have the function of the control portion of the detecting device of the present invention. In this case, it is possible to 

20 omit the control portion of the detecting device of the present invention. 

[0313] Incidentally, in the detecting device of the present invention, it is effective to provide a processing portion for 
processing a detecting signal wave form In series or parallel connection between the control portion and each of the 
temperature(T)-detecting means, the current(l)-detecting means, and the voltage(V)-detecting means. Specifically, for 
instance, for the output of each of the temperature(T)-detecting means and the current(l)-detecting means, a differen- 

25 tiator is provided in parallel connection with the control portion, where by means of the differentiator, a change in the 
infonmation signal from one of the temperature(T)-detecting means and the cun'ent(l)-detecting means is detected, 
followed by noticing the infomnation to the control portion. In this case, in the control portion, it is possible to detect a 
change in the temperature (T) and a change in the current (I) without necessity of always observing the temperature 
(T) and the current (I). This situation makes it possible to diminish the load of the control portion. In addition, it is also 

30 effective to provide, for instance, an integrator in series connection between the voltage(V)-detecting means and the 
control portion, where part of the signal processing is performed in the control portion in advance. This makes also it 
possible to diminish the load of the control portion. 

[0314] In the above-described embodiments of the detecting device of the present invention, in the memory of the 
control portion, it is required to memorize the tables of previously acquired characteristics data of the normal recharge- 

35 able battery corresponding to the inspective rechargeable battery or the function formulas Voc(Q), Vd(Q, Id, T), Vc(Q, 
Ic, T), Rd(Q, ld,T), and Rc(Q, Ic, T) of the approximation curves based on said data of the normal rechargeable battery. 
This is meant that detection of internal state of an inspective rechargeable battery can be performed only when tables 
of previously acquired characteristics data of a normal rechargeable battery corresponding to the inspective recharge- 
able battery or function formulas Voc(Q), Vd(Q, Id, T), Vc(Q, Ic, T), Rd(Q, Id, T), and Rc{Q, Ic, T) of approximation 

40 curves based on said data of the normal rechargeable battery are memorized in the memory of the control portion, 
[0315] However, by making the detecting device of the present invention have such function as will be described in 
the following, a variety of rechargeable batteries can be detected with respect to their internal state. 
[0316] That is, for instance, in order to realize detection of a plurality of different kinds of rechargeable batteries to 
be inspected, there are provided data tables of previously acquired characteristics data of several kinds of normal 

45 rechargeable batteries or function fonnulas Voc(Q), Vd(Q, Id, T), Vc(Q, Ic, T). Rd(Q, Id, T), and Rc(Q, Ic, T) of approx- 
imation curves based on said data are memorized in the memory of the control portion in advance. In this case, there 
is provided a type selection means for selecting a rechargeable battery type which is suitable for detecting the internal 
state of a given inspective rechargeable battery in the detecting device. The type selection means is made have a 
switch-inputting function or an inputting function by a wire or radio electric signal or an optical signal. In the case where 

50 the Inspective rechargeable battery or a battery module (or a battery pack) having the inspective rechargeable battery 
provided therein has a communication function to the outside, the control portion of the detecting device is made have 
a communication function corresponding to said communication function. By this, it is possible to distinguish information 
of the battery type from the rechargeable battery or the battery module (or the battery pack) and to select said data or 
said function fonnuia suited for the battery type. 

55 [0317] In the previously described embodiments of the detecting device of the present invention, description has 
been made of the case where the pair of the tenninals (2101), the battery voltage-detecting portion (2102), the battery 
temperature-detecting portion (2103), the current sense resistor (2104), and the amplifier (2105) are singly used. The 
present invention is not limited to this embodiment. 
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[0318] FIG. 31 is a schematic diagram illustrating a further example of the detecting device of the present invention 
wherein the detecting device shown in FIG. 29 is connected to a plurality of rechargeable batteries, having such circuit 
constitution as shown in FIG. 31 . 

[0319] The circuit constitution of the detecting device shown in FIG. 31 basically comprises a plurality of tenrtinals 
{2301a to 2301 n, each comprising a pair of terminals) for connecting a plurality of rechargeable batteries (tp be in- 
spected)[n numbers] to the apparatus body, a plurality of battery voltage-detecting portions (2302a to 2302n) respec- 
tively for detecting a voltage between a pair of terminals (an Inter-terminal voltage) of one of the rechargeable batteries, 
a plurality of battery temperature-detecting portions (2303A to 2303N) respectively for detecting a temperature of one 
of the rechargeable batteries, a current sense resistor (2304) for detecting a charging or discharging current of each 
of the rechargeable batteries, an amplifier (2305), a resistor 1 (2306), a resistor 2 (2307), a transistor 1 (2308), a 
transistor 2 (2309), and a control portion 231 0. The resistor 1 (2306), the resistor 2 (2307), the transistor 1 (2308) and 
the transistor 2 (2309) together serve to add a charging or discharging pulse current to each of the rechargeable 
batteries. 

[0320] The terminals (2301 A to 2301 N) serve respectively to readily and surely electrically connect one of recharge- 
able batteries with the apparatus body. Each of the battery- voltage detecting portions (2302A to 2302N) serves to 
detect an inter-terminal voltage between the anode and the cathode of one of the rechargeable batteries at a high input 
impedance, where information of the detected voltage is outputted from the battery-voltage detecting portion into the 
control portion (2310) in each case. Each of the battery temperature-detecting portions (2303A to 2303N) serves to 
detect a temperature of one of the rechargeable batteries by means of, for instance, a themnister or a themrjocouple, 
where information of the detected battery temperature Is outputted from the battery temperature-detecting portion into 
the control portion (231 0) in each case. A charging or discharging current of each of the rechargeable batteries is 
detected and converted into a voltage signal by the current sense resistor (2304), the voltage signal from the current 
sense resistor 2104 is inputted into the amplifier 2305 where the voltage signal is processed into voltage information, 
and the voltage information is inputted into the control portion (2310). A pulse current-adding portion comprising the 
resistor 1 (2306), the resistor 2 (2307), the transistor 1 (2308), and the transistor 2 (2309) serves to flow a current of 
a value which is corresponding to a voltage signal wave from the control portion to the system containing the current 
sense resistor 2304 between the rechargeable batteries, where the anode and the cathode are electrically connected 
with one of the temninal (2301 A to 31 01 N). The voltage signal wave comprises a rectangular wave, a stepwise wave 
or a wave comprising these waves. 

[0321] The control portion 2310 has a memory In the Inside or the outside thereof. Tables of previously acquired 
characteristics data of the normal rechargeable battery which is the same kind and type as the rechargeable batteries 
to be inspected each electrically connected with one of the terminals (2301 A to 2301 N) or function fomnulas Voc(Q), 
Vd(Q, Id, T), Vc(Q, la T), Rd(Q, Id, T), and Rc(Q, Ic, T) of approximation curves based on said data of the normal 
rechargeable battery are memorized in the memory of the control portion (2310), where Q is a remaining capacity (a 
presently stored electricity quantity) of one of the normal rechargeable batteries, Voc is an open-circuit voltage of said 
normal rechargeable battery, T is a temperature of said normal rechargeable battery. Id is a discharging current for 
said normal rechargeable battery, Vd is a battery voltage of said normal rechargeable battery when the battery is 
subjected to discharging, Ic is a charging current for said normal rechargeable battery, Vc is a battery voltage of said 
normal rechargeable batter when the battery is subjected to charging, Rd is an internal resistance of said normal 
rechargeable battery when the battery is subjected to discharging, and Rc is an internal resistance of said normal 
rechargeable battery when the battery is subjected to charging. 

[0322] In the detecting device shown in FIG. 31 having the temperature (T)-detecting means, the current (l)-detecting 
means, and the voltage(V)-detecting means for each of the rechargeable batteries respectively connected to one of 
the terminals (2301 A to 2301 N), by conducting detection of the internal state of each of the rechargeable batteries in 
accordance with the previously described detection procedures, the internal state (including deterioration state, elec- 
tricity storable capacity, remaining capacity, and internal resistance) of each of the rechargeable batteries can be de- 
tected. 

[0323] In this embodiment, in order to detect the temperature of the plurality of the rechargeable batteries (to be 
inspected), the plurality of battery temperature-detecting portions (2303A to 2303N) are provided. All the battery tem- 
perature-detecting portions (2303a to 2303n) are not always necessary to be used. For instance, in the case where 
the plurality of the rechargeable batteries (to be inspected) are installed in a substantially same atmosphere, it is 
possible that only a few of temperature-detecting portions are provided, and temperature information provided by these 
temperature-detecting portions are shared. 

[0324] Separately, in this embodiment, by means of the plurality of battery voltage-detecting portions (2302A to 
2302N), the inter-temiinal voltage (the voltage between the anode and the cathode) of each rechargeable battery which 
is corresponding to one of the battery voltage-detecting portions (2302A to 2302N) is detected, followed by inputting 
into the control portion (2310). In this case, it is possible that the outputs of the battery voltage-detecting portions 
(2302A to 2302N) are individually inputted into a circuit switching device (comprising, for Instance, a multiplexor) and 
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depending on a demand from the control portion (231 0), only the voltage information of optional one of the rechargeable 
batteries is outputted into the control portion (2310). 

[0325] In the above, description has been made of the case where the plurality of the rechargeable batteries are 
connected to the detecting device in series connection. This is not limitative. The detecting device of the present in- 

5 vention can also comply with the case where a number of rechargeable batteries (to be inspected) are connected to 
the detecting device in series connection and in parallel connection so as to have a number of parallel connected 
strings In which a prescribed number of the rechargeable batteries are connected in series connection, by providing a 
prescribed number of current-detecting portions for detecting a charging or discharging current of a rechargeable bat- 
tery In each of the parallel connected strings. 

10 [0326] In this case, the output of each of the current-detecting portions becomes to a voltage signal through current- 
voltage conversion by the current sense resistor. Therefore, it is possible that the voltage signals based on the outputs 
from the current-detecting portions are individually inputted into a circuit switching device (comprising, for instance, a 
multiplexor) and depending on a demand from the control portion (231 0), only the voltage information of optional one 
of the rechargeable batteries is outputted into the control portion (2310). 

15 

[Memory medium having arithmetic program therein] 

[0327] A principal feature of the detecting device described in the above is that the apparatus basically has the battery 
temperature (T)-detecting means (a) for an inspective rechargeable battery, the charging or discharging current (I)- 

20 detecting means (b) for the rechargeable battery, the battery voltage (V)-detecting means (c) for the rechargeable 
battery, if necessary, the pulse current-adding means (d) for the rechargeable battery, and the memorizing means (e) 
for memorizing tables of previously acquired characteristics data of a norma! rechargeable battery corresponding to 
the inspective rechargeable battery or function fonnulas Voc(Q), Vd(Q, Id, T), Vc(Q, Ic, T)., Rd(Q, Id, T), and Rc(Q, Ic, 
T) of approximation curves based on said data of the normal rechargeable battery, wherein from said basic data or 

25 said function fonnulas memorized in said memorizing means (e) and information obtained from the battery temperature 
(T)-detecting means (a), the charging or discharging current (l)-detecting means (b), the battery voltage (V)-detecting 
means (c), internal state of the inspective rechargeable battery Is detected. 

[0328] In the above function formulas, Voc is an open-circuit voltage of the nonmal rechargeable battery, T is a tem- 
perature of the normal rechargeable battery. Id is a discharging cun^ent for the normal rechargeable battery, Vd is a 
30 battery voltage of the normal rechargeable batter when the battery is subjected to discharging, Ic is a charging current 
for the normal rechargeable battery, Vc is a battery voltage of the normal rechargeable battery when the battery is 
subjected to charging, Rd Is ah Internal resistance of the normal rechargeable battery when the battery Is subjected 
to discharging, and Rc is an internal resistance of the normal rechargeable battery when the battery Is subjected to 
charging. 

55 [0329] In the detecting device of the present invention which is provided with such hardware means which are es- 
sential, by inputting a prescribed program in order to practice the detecting method of the present invention for detecting 
intemal state of a Inspective rechargeable battery and tables of previously acquired characteristics data of a normal 
rechargeable battery corresponding to the inspective rechargeable battery or function formulas Voc(Q), Vd(Q, Id, T), 
Vc(Q, Ic, T), Rd(Q, ld,.T), and Rc(Q, Ic, T) of approximation curves. based on said data of the normal rechargeable 

40 battery, the detecting method of the present invention can be practiced. Thus, a memory medium having the prescribed 
control program installed therein is an embodiment of the present invention. 
[0330] Description will be made of this memory medium in the following. 

[0331] For instance, a portable type personal computer in which a rechargeable battery is connected generally has 
a main control portion which is chiefly engaged in operation of the main body and a sub-control portion which is chiefly 

45 engaged in exchange with peripheral equipments. In the sub-control portion, in many case, the inter-terminal voltage 
(the voltage between the anode and the cathode) and the temperature of a rechargeable battery [or a battery pack 
(module)] mounted on or connected to the main body are monitored. In the case where the rechargeable battery is 
connected to the main body the state of a current flown in the system is monitored. In the sub-control portion which 
acquires the monitored information, by inputting the control program of the present invention and tables of previously 

50 acquired characteristics data of a normal rechargeable battery corresponding to said rechargeable battery in the per- 
sonal computer or function formulas Voc(Q), Vd(Q, Id, T), Vc(Q, Ic, T), Rd(Q, Id, T), and Rc(Q, Ic, T) of approximation 
curves based on said data of the normal rechargeable battery, the internal state of the rechargeable battery in the 
personal computer can be detected. In this case, it is possible that said control program, said data tables or said 
functional formulas are inputted in the main control portion. 

55 [0332] Aforesaid personal computer is not provided with such pulse cun-ent-adding means as in the present invention. 
Upon having access to, for instance, a hardware disk or the peripheral equipments which are using, the consumptive 
current in the computer is changed to entail a change in the discharging current of the rechargeable battery. The change 
in the discharging current can be considered to fall In the previously described case where the discharging current of 
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the inspectlve rechargeable battery is changed by means of the pulse current adding means in order to detect the 
internal state of the battery. 

[0333] The access to the hardware disc or the peripheral equipments is pertonned on the basis of a demand by the 
main control portion or the sub-control portion. Thus, in the sub-control portion or the main control portion in which the 
control program of the present invention is Inputted, occurrence of an event having access to the hardware disc or the 
peripheral equipments can be recognized in advance. 

[0334] Such change in the discharging cun-ent of the rechargeable battery in the instrument in which the rechargeable 
battery is connected is not occurred only in the personal computer but it is occurred also in other instruments. For 
instance, it is occurred when a cellular phone in which a rechargeable battery Is used is in a transmitted state, when 
a digital camera in which a rechargeable battery is used or the like is engaged in flash operation, or the like. Therefore, 
by grasping a change in the consumptive current of such instrument to detect a change in the discharging current of 
the rechargeable battery used therein, detection of the internal state (including the deterioration state, the electricity 
storable capacity, the remaining capacity, and the internal resistance) of the rechargeable battery can be conducted. 
In addition, infonnation of the detected internal state can be indicated at a prescribed portion which is already present 
in an instrument in which the present invention is applied. 

[Instruments in which the detecting method and apparatus for detecting internal state of a rechargeable battery in the 
present invention can be adopted] 

[0335] As previously described, the detecting method of the present invention makes it possible to accurately com- 
pute the remaining capacity (the presently stored electricity quantity) of a given inspective rechargeable battery even 
when the rechargeable battery is a charging state, in a discharging state or in a paused state where neither charging 
operation nor discharging operation are performed, or the rechargeable battery is a rechargeable battery which is 
deteriorated, whose electricity storable capacity is decreased or whose internal resistance is increased. Because of 
this, For an instmment in which a rechargeable is used as the power source, it is possible to accurately distinguish not 
only the remaining actuation time of the instrument but also the exchanging time of the rechargeable battery. Thus, by 
mounting the detecting device in which the detecting method for detecting internal state of a rechargeable battery 
according to the present invention in such instrument, the perfonmance of the instrument and that of the rechargeable 
battery used in the instrument can be maximized. 

[0336] As such instrument whose perfonnance can be maximized by mounting the detecting device of the present 
invention therein, there can be mentioned, for example, cellular phones and personal digital assistants respectively 
having an infonnation communication function, computers, vehicles in which a rechargeable battery is used as the 
power source such as electric vehicles and hybrid powered automobiles. 

[0337] Besides, there can be also mentioned battery modules including battery packs (in which a single rechargeable 
battery is packaged or a plurality of rechargeable batteries are packaged while being connected in series or parallel 
connection) in which the detecting device of the present invention is mounted, and chargers in which the detecting 
device of the present invention is mounted. For such battery module, it is possible to make the battery module to have 
a communication function which exchanges information of the internal state of the rechargeable battery with an instru- 
ment. 

[0338] Further, as other instrument (or a system) whose performance can be improved by mounting the detecting 
device of the present invention therein, there can be mentioned, for example, instruments for inspecting whether a 
rechargeable battery product is good or not good, and power storage systems. 

[0339] In the following, the present invention will be described in more detail with reference to examples. \X should 
be understood that these examples are only for illustrative purposes and not intended to restrict the scope of the 
invention. 

Example A 

[Acquisition of basic data of characteristics of normal rechargeable battery] 

[0340] With reference to FIGs. 32 to 34, description will be made of an example of a method of acquiring data or 
function formulas for a given nomial rechargeable battery (corresponding to a given inspective rechargeable battery) 
with respect to a relationship Voc(Q) of the open-circuit voltage (Voc)to the remaining capacity (Q) (or the dischargeable 
capacity) and data or function formulas of said nomnal rechargeable battery with respect to a relationship V(Q, 1, T) of 
the battery voltage (V) in relation to the battery temperature (T), the current (I) (flown in a system where the normal 
rechargeable battery is connected), and the remaining capacity (Q) and a relationship R(Q, I. T) of the internal resist- 
ance (R) in relation to said T, said I, and said Q. 

[0341 1 FIG. 32 is a graph showing charge-discharge characteristics of a commercially available lithium ion recharge- 
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able battery having a diameter of 17 mm, a length of 67 mm, and a nominal capacity of 1 300 mAh when charging and 
discharging were performed for the rechargeable battery in the following manner, where the abscissa shows time and 
the ordinate shows battery voltage. That is, first, the rechargeable battery was charged for 2.5 hours by a constant 
current-constant voltage charging method under condition of 4.2 V for the maximum charging voltage, where under 

5 condition of maintaining the temperature of the rechargeable battery at 25 *C, the rechargeable battery was subjected 
to constant current charging at a charging current of 1 A until the battery voltage reached 4.2 V, followed by subjecting 
to constant voltage charging. After this charging operation, the rechargeable battery was paused for a prescribed period 
of time, and thereafter, the rechargeable battery was subjected to discharging, where a discharging cycle of subjecting 
the rechargeable battery to discharging at a discharging current of 0.2 C (= 0.26 A) for 15 minutes (an electricity quantity 

10 corresponding to about 5% of the nominal etectric capacity of the rechargeable battery is discharged) and pausing the 
rechargeable battery for a prescribed period of time was repeated until the battery voltage of the rechargeable battery 
reached a prescribed cut-off voltage (2.75 V). 

[0342] FIG. 33 is a graph showing relationships of the battery voltages upon the intermittent discharging operations 
to and the open-circuit voltages upon the pausing times each after the discharging operation to the discharged quantities 

15 integrated based on the data upon the discharging operation shown in FIG. 32. In FIG. 33, the broken line shows a 
traced result of the open-circuit voltages of the rechargeable battery upon the pausing times each after the discharging 
operation (the Intemnittent discharging operation) and the solid line shows a traced result of the battery voltages of the 
rechargeable battery upon the intermittent discharging operations, where each spike portion indicates a point of time 
when the discharging operation is suspended and the rechargeable battery is paused. 

20 [0343] The above integrated discharged quantities indicate electricity quantities obtained by subtracting the dis- 
chargeable electricity quantity (that is, the remaining capacity) from the nominal capacity (or the electricity storable 
capacity) of the rechargeable battery. Therefore, it is understood that FIG. 33 shows a relationship of the open-circuit 
voltage Voc (see. the curve of the broken line) and the battery voltage Vd upon discharging (see, the curve of the solid 
line) to the remaining capacity Q. 

25 [0344] Separately, the foregoing measurement procedures were repeated by changing the discharging current (0.2 
C) to a given discharging current [0.1 C (= 0.13 A), 0.5 C (= 0.65 A). 1.0 C (=1.3 A), 1.5 C (= 1.95 A), or 2.0 C (=2.6 
A)]. As a result, it was found that in any of the cases, the foregoing relationship of the open-circuit voltage Voc to the 
remaining capacity Q is not changed, except that the remaining capacity when the battery voltage reached aforesaid 
discharging cut-off voltage is different in each case. 

30 [0345] In this embodiment, from the curves of the battery characteristics obtained in this way, the open-circuit voltages 
to optional remaining capacities were read to obtain discrete data and based on the discrete data, a data base (a data 
table) for the relationship of the open-circuit voltage Voc to the remaining capacity Q was prepared. In addition, from 
the data base, a function fonnula Voc(Q) of an approximate curve with respect to said data base. 
[0346] FIG. 34 a graph showing discharge characteristics of a commercially available lithium ion rechargeable battery 

35 having a diameter of 17 mm, a length of 67 mm, and a nominal capacity of 1300 mAh when the rechargeable battery 
was discharged at respective discharging currents of 0.1 G (= 0.13 A), 0.2 C (= 0.26 A), 0.5 C (= 0.65 A). 1 .0 C (= 1 .3 
A), 1 .5 0 (= 1 .95 A), and 2.0 C (= 2.6 A) under condition of maintaining the temperature of the rechargeable battery 
at 25 **C. In FIG. 34, the abscissa shows discharged quantities integrated and the ordinate shows battery voltages. 
The integrated discharged quantities indicate electricity quantities obtained by subtracting the dischargeable electricity 

^o quantity (that is, the remaining capacity) from the nominal capacity (or the electricity storable capacity) of the recharge- 
able battery. In FIG. 34, before the rechargeable battery was subjected to discharging at a prescribed discharging 
current in each case, the rechargeable battery was charged for 2.5 hours by a constant current-constant voltage charg- 
ing method under condition of 4.2 V for the maximum charging voltage, where under condition of maintaining the 
temperature of the rechargeable battery at 25 **C, the rechargeable battery was subjected to constant current charging 

45 at a charging current of 1 A until the battery voltage reached 4.2 V, followed by subjecting to constant voltage charging, 
whereby the rechargeable battery was made to be in a full-charged state. After this, the rechargeable battery was 
paused for a prescribed period of time, and thereafter, the rechargeable battery was subjected to the discharging 
operation. 

[0347] The curve of the battery characteristics at each discharging current was expressed as a function of an ap- 

50 proximate curve with respect to said curve. 

[0348] Separately, at respective temperatures of -20 **C, -10 •Q. 0 *C, 40 •C, and 50 *C each as an operation at- 
mosphere of an instrument in which the rechargeable battery is mounted, data with respect to the battery characteristics 
upon the discharging operation were obtained as well as in the above. From the curves of the battery characteristics 
obtained based on said discrete data, the open-circuit voltages and the battery voltages to optional remaining capacities 

55 were read and data bases (data tables) for the relationship of the battery voltage Vd and the internal resistance Rd 
upon the discharging operation to the remaining capacity Q were prepared. In addition, from the data base, function 
formulas Vd(Q, Id. T) and Rd(Q, Id, T) respectively of an approximate curve with respect to said data bases. 
[0349] In Table 1 as an example of the foregoing data tables obtained in the above for the lithium ion rechargeable 
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battery (having a diameter of 17 mm. a length of 67 mm, and a nominal capacity of 1300 mAh), there are shown 
relationships of the open-circuit voltage Voc(V) to the remaining capacity Q [Ah] upon the discharging operation and 
those of the battery voltage Vd(V) at each of constant currents Id (=0.13 A, 0.26 A, 0.65 A, 1 .3 A, 1 .95 A, and 2.6 A) 
when the battery temperature is 25 **C to the remaining capacity Q [Ah] upon the discharging operation . 

Open-circuit voltage which is a function of remaining capacity or integrated discharged quantity ; 

[0350] The open-circuit voltage Voc can be regarded as a function decided only by the remaining capacity Q. In this 
respect, instead of the foregoing data table, the open-circuit voltage Voc can be expressed as a function of the remaining 
capacity Q, for instance, as will be described below. 

Voc(Q) = P„ X Q" + X Q"""* 4- P^2 5C Q""^ + 
+ P.,xqVPoXQ° 

(where each of P^ to Pq is a constant which is different depending on the kind, type, nominal capacity or the like 
of a rechargeable battery.) 

[0351] An actual example where a function formula of an approximate curve for a relationship Voc(Q) of the open- 
circuit voltage Voc to the remaining capacity Q is obtained will be described in the following. 

[0352] When the electricity storable capacity (the nominal capacity) of a rechargeable battery is made to be C and 
the remaining capacity of said battery at a certain point of time is made to be Q, an integrated discharged quantity can 
be expressed to be (C - Q). In this embodiment, it is assumed that the open-circuit voltage Voc is a twelve-dimensional 
polynomial of the integrated discharged quantity (C - Q). And based on the acquired basic data with respect to the 
open-circuit voltage Voc and the integrated discharged quantity (C - Q) for the lithium ion rechargeable battery (having 
a diameter of 1 7 mm, a length of 67 mm, and a nominal capacity of 1300 mAh), a function fonnula of the open-circuit 
voltage Voc to the remaining capacity Q was computed. Here, the value of the C is 1 .3 Ah as the nominal capacity of 
the rechargeable battery. And a range capable of being taken by the remaining capacity Q is made to be 0 ^ Q ^ C. 
The computed function formula of the open-circuit voltage Voc to the remaining capacity Q is as follows. 

Voc(Q) = -661 .9000429801 73225 X (C-Q)^^ + 
4678.290484010105502 X (C-Q)^^ -14335.21335398782685 X 

(C-Q)^^ +2491 4.67028729754384 X {C-of - 
26969.20124879933792 X (C-of + 18786.93847206758073 X 
(C-Q)^ - 8401.942857432433812 X {C-of + 
2331.619009308063141 X (C-Q)^ - 370.1800419387091 1 X 
(C-Q)"* + 26.914989189437676 X (C-Q)^ -i- 0.445460210498741 
X (C-Q)^ -0.883133725562348 X (C-Q) -i- 4.1 88863096991684 
Internal resistance which is a function of remaining capacity or integrated discharged quantity: 

[0353] A relationship between the discharging current Id, the open-circuit voltage Voc, the battery voltage Vd, and 
the internal resistance Rd of a rechargeable battery when the battery is engaged in discharging operation can be 
expressed to be Vd = Voc - Id x Rd. And a relationship between the charging current Ic, the open-circuit voltage Voc, 
the battery voltage Vc, and the internal resistance Rc of the rechargeable battery when the battery is engaged in 
charging operation can be expressed to be Vc = Voc + Ic x Rc. In addition, the internal resistance can be regarded as 
a function of the battery temperature. In this respect, a relationship of the battery voltage V to the remaining capacity 
Q and that of the internal resistance R to the remaining capacity Q can be expressed to be an approximate curve of 
V(Q, I, T) and an approximate curve of R(Q, I, T) respectively, where said V(Q, I, T) is a function of the battery voltage 
V in relation to the remaining capacity Q, the current I, and the battery temperature T and said R(Q, I, T) is a function 
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of the internal resistance R in relation to the remaining capacity Q, the current I, and the battery temperature T 
[0354] Now, when the battery temperature of a rechargeable battery is made to be T, the discharging current of the 
rechargeable battery is made to be I, the electricity storable capacity (the nominal capacity) of the rechargeable battery 
is made to be C, and the remaining capacity of the rechargeable battery at a certain point of time is made to be Q, the 
Integrated discharged quantity of the rechargeable battery can be expressed to be (C -Q). 

[0355] In this respect, a relational formula Rd(Q, I, T) with respect to the internal resistance Rd in relation to the 
remaining capacity upon discharging operation can be expressed as a function formula of n-dimenslon concerning, 
for instance, the remaining capacity or the discharged quantity as will be described below. In this case, a range capable 
of being taken by the remaining capacity Q is made to be 0 ^ Q ^ C. 

Rd(Q, I, T) = F„ X (C - Q)" + F„., x (C - Q)"-"" + F^^ x (C - Q)"-^ + ... + 
F,x(C-Q)' +FoX(C-Q)^ 

(where each of to Fq can be expressed, for instance, as a function formula F„ = ^nOl ^ '^nO = ^n(^ + 
Hn(l), with G„(T) being a function of the battery temperature T and H^CI) being a function of the current) 
[0356] Attematively, by making said F,, to said Fq to be as follows: 

Fn = ^n.r. X T + X T"^ + K, ^.^ X T'^ + .... 

+ K^.lXl'+K„oXl^ 

= *^n-1.m X + K^-1.m-1 X T ^ + X l"* ^ + 

Fo = Ko.. X r + X ^ X + .... 

+ K^^ x|Vk^^xI°, 

each of fo q, each of K^.^ ^ to K^,^ q, — each of ^ to K^^ can be expressed respectively as a function 
of the battery temperature T. 

[0357] As one of actual examples where the foregoing function formulas are obtained, In the following, there is shown 
an example where for a commercially available lithium ion rechargeable battery having a diameter of 17 mm, a length 
of 67 mm, and a nominal capacity of 1300 mAh, basic data with respect to the internal resistance (Rd) in relation to 
the remaining capacity Q (or the integrated discharged quantity), the discharging current (I), and the battery temperature 
(T) were obtained by subjecting the rechargeable battery to charging and discharging as previously described, and 
said basic data were expressed by a functional formula of an approximate curve of Rd(Q, I, T). In this embodiment, 
by assuming that the internal resistance Rd can expressed by a twelve-dimensional polynomial of the integrated dis- 
charged quantity (C - Q)[with C being the nominal capacity (1 300 mAh = 1 .3 Ah) of the above described rechargeable 
battery], there was computed a function formula capable fitting to the basic data concerning the internal resistance. 
The computed function formula of the internal resistance Rd(Q, I, T) upon the discharging operation is as will be de- 
scribed below. 

Rd(Q, I, T) = F^2 X (C - Q)^^ + F„ X (C - Q)^^ + F^q 
X (C - Q)^° + .... + F^ X (C - Q)^ + Fq X (C - Q)'* 

[0358] Here, the coefficients F^g could be expressed respectively by the following penta-dimensional polynomial 
of the current value (I). 
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Fo = X 1^ + 4 X l"^ + Kq 3 X 1^ + Ko.2 x + K^^ x 1% Kq.o x 1° 

[0359] Further, the coefficients K^.o to K^g.s could be expressed respectively by the following quatre-dimensional 
polynomial of the battery temperature (T). 

Kq . 0=0.0000003728422193 X T* - 0. 00046903998863 17 X + 
0.21 96309093721 1 9 XT^ - 45.393541 420206056XT + 3495 

. o=-0.00001 791 18075830736 X + 0.019047317301656 X - 
7.507153217164846 X + 1295.900128065855824 X T - 82320.66124016915274 

Kg . 0008393300954506 X T^* -0.925251141189932 X + 
380.532287220051614X7^ - 691 47.143631 60646462 XT + 4 

K3 . 0—0.017185353004619 X + 19.234599304257944 X - 
8046.433143414219558 X + 1490563.733755752211 X T- 
1 031 27364.4880591 6309 

K4 . 0=0.169551698762352 X - 190.999908140883917 X + 
80470.07880103871866 X - 15024311.89118036628 X T + 
1 .04865081 9771 948e+9 

K5 . o=-0.9559591 18340144 X + 1080.745597758554595 X - 
457103.8624067021883 X + 85709740.9530961 6626 X T- 
6.01 0599368584936+9 

Kg . 0=3.375841083746783 X - 3825.451933311166158 X + 
1622083.712826749077 X -304991211.3940501213 X T + 
2. 1 4531 771 5502894e+1 0 

Ky . o=-7.810843719833634 X "T* + 8866.183584053051163 X - 
3766345.644136840012 X +709567942.1204522848 X T- 
5.001 9232366482736+1 0 
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Kb. o=''2 033631 252687844 X - 13677.84824440043594 X + 
5818483.242671614513 X - 1 .0978581 9691 7345e+9 X T + 
7.751 905044076741 e+10 

Kg. o=- 12.2381 87331253075 X7^ + 13925.33526539518061 XT^ - 

5930710.459638201632 X + 1 ,120421 761 057557e+9 X T- 
7.921 808331 037033e+1 0 

K^O . 0=7.893435909900529 X t"^ - 8989.98957545310077 X + 
3832542.024125073105 X -724796162.165166378 X T + 
5.130331 180844828e+10 

K^^ 0=-2.925896962983863 X X'* + 3335.0776811 52527475 XT^ - 
1423000.113370831124 X + 269356095.2803371549 X T- 
1 .908424205759282e+1 0 

*^12 . 0=0 "^^'^'^8659351 5207 X - 541 .575826871208278 X + 
231252.3383636772924 X -43807985.50071253628 X T + 
3. 1 064705471 521 08e+9 

Kq. ^=0.000002810514762 X - 0.002898202547079 X + 
1.105541936798752x7^ - 184.521855864246987X7 + 1 1343 

. 1=0.000551705428643872 x 7^ - 0.618741510687609 X 7^ + 

259.586933909031927 X 7^-48283.85493898519053 X 7 + 
3359573 . 6900693262 

Kg . 1 =-0.01 95475060621 X 7^ + 22.088617721865582 X 7^ - 

9341.226422357953197 x 7^ + 1752157.602624612628 X 7- 
1 22996540.8737580031 

K3 . .,=0.325763020172631 X 7^ - 369.724916377202248 X 7^ + 
157069.7521357303194 X 7^-29601894.0842731744 X 7 + 
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2.088209856891 993e+9 

K4 ^=-2 908705926352533 X + 3309.493716794020656x1^ - 

1409607.063310474623 X +266370644.6106990278 X T- 
1 .8842572132459369+10 

K5. 1=15.522568640313624 X T"^ - 17689.339928652651 X + 

7546667.398559059016 X - 1 .4284741 8501 2642e+9 X T + 
1 .0122242489488456+1 1 

Kg. .,=-52.91 7599424765683 XT^ + 60369 .4601 21 00671 942 XT^ - 

25783514.46398825198 X + 4.88600354697663e+9 X T- 
3.46629897478479e+1 1 

K7 . ^=119.343894918586244 X t"^ - 136256.5889387205825x7^ + 
58241129.37237557024 X - 1 .104580399434835e+10 X T + 
7.8428567331 5848e+1 1 

K3 . i=-1 80,13279743136772 X t"^ + 205783.2935366885795 x - 
88013024.84585164488 X + 1 .670262265534591 e+10 x T- 
1 . 1 86691 748976397e+1 2 

Kg . .,=179.977612805760856 X -205704.7138883229345 x7^ + 
88022247.56138792634 X T2 - 1.67 12656631 60231 e+10 X T + 
1 .188005733152792e+12 

K10 • 1 =-114.221 0335399971 8 XT^ + 130600.7620928548558 X - 
55907464.3364872858 X 7^ + 1 .061 943998671 068e+1 0 X T - 
7.551 91 1 32455261 5e+1 1 

K^., . .,=41.695827710871889 X 1^ - 47691.58228996800608 x 7^ + 

20422870.60793861002 X - 3.880626435474761 e+9 X T + 
2.760661 086077543e+1 1 
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. i=-6.666496484950264 X + 7627.42770811 5624228 X 

3267274.46735554561 X + 621019135.6699628694 X T - 
4.41 9293458561 603e+1 0 

Kq . 2=-0.00001 498775336891 56 X + 0.016264765981062 X 

6.586433677933296 x + 1179.630127694138537 X T - 
78854.88604895926256 

. 2=-0.001 671 225994427 X + 1.877401817058471 x - 

789.07213084094451 X + 147061 .7484517464472 X T - 
1025501 4.040370674804 

Kg . 2=0.050857806024981 X - 57.421 146649059438 X + 

24263.23108479666916 x -4547478.023707655258 x T + 
31 8979066.93751 76238 

K3 . 2=-0.7671 38695737053 X + 869.501589442514955 x - 
368895.5433750267257 X + 69431 079.11021 871865 X T- 
4.891 503969447994e+9 

K4 . 2=6.458605207522703 X - 7339.346130055530012 X + 
3122145.968177304138 X - 589259323.2726836204 X T + 
4. 1 632760056990076+1 0 

K5 . 2=-33.21 0693487729266 X T"^ + 37806.52151914418209 X 

16112231.32226052508 X + 3.0466671 02485437e+9 X T- 
2. 15670771 928641 4e+1 1 

Kg . 2=110.41654910551955 x > 125855.3597195415496 X ^ 
53705964.79313132912 X - 1 .01 68738968952e+1 0 X T + 
7.2081090759526786+1 1 

K7 . 2=-244.609733706370236 X + 279071 .9859447662602 XT^ 
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1 19200855.458073914 X + 2.2591 45651 305348e-i- 10 x T - 
1 .6029740004592226+1 2 

Kq. 2=364.280446611480329 X T^^ - 415899.7378741699504 X 7^ + 

177773139.5446700454 X - 3.371 70978830763e+10 X T + 
2.3941 782798741 76e+1 2 

Kg. 2=-360.133009104473672xT'* +411398.5785509308916X7^ - 

175950132.9841732085 X 7^ + 3.33907349985701 8e+10 X 7- 
2,3723996598492926+1 2 

K^O . 2=226.5718289041 14568X7'^ - 258946.2668825854489X7^ + 
110800467.2156397104 X 7^ -2.1037062187353036+10 X 7 + 
1 .4953965945385366+1 2 

K.,., .2=-82. 097460356641 946x7^ + 93865.67427578115894x7^ - 

40180264.4568978697 x 7^+7.6318839915340696+9 x 7- 
5.4272557541 8331 76+1 1 

. 2=13.041315019963541 X 7^* - 14915.89122739454251 X 7^ + 

6387139.428232744336 X 7^ -1.2136058873802846+9 X 7 + 
8.6333620650245826+1 0 

Kq . 3=0.0000251678427397413 X7"^ - 0.027749417567646 X 7^ + 
11.431003896028034 X 7^-2085.159978444959506 X 7 + 
142128.81 66474564059 

. 3=0.001751449385998 x -1.965532828562073 X 7^ + 

825.198818901071149 X 7^ - 153608.5966555425257 X 7 + 
1 0697382,9761 377591 6 

K2.3=-0. 0459929096 13442 X 7^* + 51 .765049403509529 X 7^ - 
21800.6951406261469 X 7^ + 4071656.867690694518 X 7- 
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284561801.1211410761 

K3. 3=0.6091 39955562425 X T"^ - 687.607714664136665 X + 

290488.4805661713472 X - 54432601.20337542892 X T + 
3.81 7251 0731 75302e+9 

K4.3=-4. 654946445586634 X + 5267.515010680999694 X - 

2231088.309676257428 X + 419202946.5956563354 X T- 
2.9481 2460391 0822e+1 0 

Kg . 3=22.286869517195672 X - 25270.05467747936928 X + 

10725593.31009998918 x - 2.019626285390959e+9 x T + 
1 .423544581 998099e+1 1 

Kg . 3=-70.273845850297775 X T"* + 79808.3241 3277083833 xT^ - 
33930159.44685647637 X + 6.4000541 81 01 7841 e+9 X T- 
4.519145383693426+1 1 

K7. 3=1 49.601 38671 5460876 X X"^ - 170118.3903450048529 X7^ + 

72421280.32549875974 X - 1 .36791 1 124421 202e+ 10 x T + 
9.672544733460782e+1 1 

Ka.3=-2 16. 0805364752738 17 x T"^ + 245972.965744795074x7^ - 

104825836.75099624693 X + 1 .9821 51 737409837e+1 0 X T- 
1 .4031 6081 0753543e+1 2 

Kg. 3=208.528016714157587 X X'^ - 237582.051 8041840696X7^ + 
101339354.76017145813 X X^ -1.9179502289465296+10 X X + 
1. 35896738279361 2e+1 2 

Kio .3=-1 28.648630272366432X1^ + 1 46680.9468983050902 XX^ - 
62612523.06659654528 x X^ + 1 .1 859001 91 909874e+10 X X- 
8.4090997661 1 6382e+1 1 
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. 3=45.862214041144405 X T^* - 52323.81826514477143 X 

22349358.16426483542 X - 4.2357801 94080044e+9 X T + 
3.005522361 71 0247e+1 1 

Ki2 • 3=-7. 185307946068086 X t"^ + 8202.238421019834277 x 
3505436.0761 18038502 X + 664747740.961967349 X T - 
4.7194651 14689993e+1 0 

Kq . 4—0.000019225539401 1085 X + 0.021451855148696 x 
8.949177082086774 x -f 1654.341424624854653 X T - 
1 1 4347.831 5392331 278 

K., . 4=-0. 00081 6454884929378 X T"^ + 0.915963370235589 X - 

384.394885101222144 X +71516.78036990862165 X T - 
4977237.941 760426387 

Kg . 4=0.018665516848548 X - 20.945499132537545 X + 

8792.787151743495997 X -1636507.520356033929 X T + 
113940643.510729596 

K3 . 4=-0.208551 404290907 X T"^ + 234.0642527461 03051 X - 

98280.91590542987979 X + 18297020.93438888714 X T- 
1 .27431 76748921 73e+9 

K4 . 4=1.339574048511812 X - 1503.615180965887021 X + 

631459.032932954724 x - 117585216.0713095963 X T + 
8.191 520568488794e+9 

K5 . 4=-5.41634189133107 X T"^ + 6080.279572206331977 X - 

2553905.465719996486 X +475671351.9166372418 X T- 
3.31 4607225791 437e+1 0 

Kg . 4=14,554042749470186 X - 16340.35331930969369 x + 
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6864766.807159300894 X - 1 .278884505325B29e+9 X T + 
8.9141 00268079 1 2e+1 0 

K7 . 4=-26.70281 0592234627 X T"^ + 29985.37313494967748 X - 

12599908.78297643736 X + 2.347923449255732e+9 X T - 
1 .63703033881 3723e+1 1 

Kg . 4=33.616003692593779 X - 37755.79519816931134 X + 

15868689.48295781203 X - 2.95781 4271 722582e+9 X T + 
2.0628599194157676+1 1 

Kg . 4=-28.549327238622432 X t"* + 32071 .84076537256988 XT^ - 

13482853.98914255319 X + 2.513751298973701 9+9 X T - 
1 .7536441 53967844e+1 1 

. 4=15.61 5889964970963 XT^ - 17546.3430947555061 7 XT^ + 

7378066.55368669983 X - 1 .3759030851 10361 e+9 X T + 
9.601 0482844849788+1 0 

K^., . 4=-4.961400910069002xT^ + 5575.897482064596261 XT^ - 
2345115.56629166659 X + 437428445.089415431 X T- 
3.0530908609651 02e+1 0 

K^2 ■ 4=0.695014380923983 X T"* - 781.253406883600064 X + 
328646.8735752489884 X - 61314347.82639360428 x T + 
4.2804267305385836+9 

Kq . 5=0.0000055685857458958 xT* - 0.006269943903778 XT^ + 

2.640726168426087 xT^ - 493.072682310015125 X T + 
34439.01 29848624201 2 

. 5=0.000161459388938338 X t"^ - 0.181685886575457 X + 
76.48491361543168 X - 14275.91988238808517 X T + 
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996832.797441 846341 8 

Kg 5=-0. 003644982089995 X +4.101798825788432 X - 
1726.917806184043457 X + 322373.2470881768968 X T- 
2251 3770.0851 3562009 

K3 . 5=0.040176201294742 X T"^ -45.2111990768366 X + 
19035.3292236953348 X -3553687.279590429272 X T + 
2482051 68.0678731 203 

K4 . 5=-0.2527241 49200711 X t"^ + 284.364088978607867 X - 
119717.74444384659 X + 22349178.49348734319 X T- 
1 .560950606701 7e+9 

Kg . 5=0.99321211747314 X - 1117.34604256486864 X + 
470334.9616640359164 X -87793226.38023105264 X T + 
6.131 2859372 1 498e+9 

Kg . 5=-2.5771 49995346287 X + 2898.568018064226635 X - 
1219882.472908790689 X + 227667403.1 1 061 19156 X T- 
1 .589763369995698e+1 0 

Kj . 5=4.546336695206962 X - 5112,04521 1581619696 X + 
2150963.609311953653 X -401358455.5349878669 X T + 
2.8021 50292308567e+1 0 

Kg . 5=-5.49331 2202741 592 X + 6175.273952080845447 X - 
2597737.064942202996 X + 484624717.21 1421 0725 X T- 
3.382866307244066e+1 0 

Kg . 5=4.479715688077147 X - 5034.625069146578426 X + 
2117431.804731178563 X -394939977.4744403362 X T + 
2.75631 5841 92056Be+1 0 
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K 



10 • 5' 



i=-2.35745032434141 X T* + 2648.891592185625086 X - 



1113825.013085700106 X +207708652.5919890404 X T- 



5 



1 .449351 552776621 e+1 0 



. 5=0.722700953370907 X t"* - 81 1.891530954773657 x + 



10 



341327.5026830868446 X -63640350.16188571602 X T + 



4.4399571 02906778e+9 



15 



.=-0.098012110608512 X + 110.090753050316849 X - 



K. 



12 ■ 5- 



46276.03871921345126 X +8626818.395340621472 X T- 



20 



601 771 71 8.7356041 67 



[0360] In the above-described function formulas, "e + 9", "e + 10", "e + 11" and "e + 12" in the constant terms indicate 
" X 109 " " X 10^0 " X 10^1 ". and " x 10^2 » respectively. 

[0361] As above described, in this embodiment, the function formula of the approximate curve concerning the inter- 
ns nalresistance Rd(Q,l,T) is expressed first by the twelve-dimensional polynomial of the remaining capacity Q [the inte- 
grated discharged quantity (C - Q)], then by the penta-dimensional polynomial of the current value I with respect to the 
coefficients in the twelve-dimensional polynomial, finally by the quatre-dimensional polynomial of the battery temper- 
ature T with respect to the coefficients in the penta-dimensional polynomial. 

[0362] It should be understood that the present invention is not limited to the dimensions of these polynomials and 
30 the order of these polynomials to be obtained. In addition, the previously described function forniulas indicating the 
basic data of the rechargeable battery are not limited to such polynomial of n-dimension. 

Detection of Remaining Capacity of Inspective Rechargeable Battery 

35 Example 1 

[0363] In this example, as a rechargeable battery to be inspected (that is, an inspective rechargeable battery), there 
were provided three commercially available lithium ion rechargeable batteries (as Sample 1 , Sample 2, and Sample 
3) having a diameter of 17 mm, a length of 67 mm and a nominal capacity of 1300 mAh which are respectively in a 
40 paused state without having being subjected to charging or discharging. And these three inspective rechargeable 
batteries were detected with respect to their internal state in accordance with the detecting method of the present 
invention. 

[0364] In Example A, for the normal commercially available lithium ion rechargeable battery (having a diameter of 
1 7 mm, a length of 67 mm and a nominal capacity of 1 300 mAh) which is corresponding to each of the three inspective 
45 rechargeable batteries (Sample 1 to Sample 3), there were acquired the characteristics -relative basic data of the re- 
lationship of the remaining capacity (Q) and the open-circuit voltage (Voc) and the function formulas Voc(Q) and Q 
(Voc) based on said basic data. 

[0365] With reference to the above characteristics-relative basic data or the above function fomnula Voc(Q) or Q(Voc) 
for the con-esponding normal rechargeable battery and in accordance with the judging procedures shown in FIG. 3 of 
50 the detecting method according to the present invention, judgment was performed for each of Samples 1 to 3. As a 
result, Samples 1 to 3 were found to be not short-circuited and normal. 

[0366] Then, each of the three Inspective rechargeable batteries (Samples 1 to 3) was subjected to charging and 
discharging in the following manner. That is, each inspective rechargeable battery was charged for 2.5 hours by a 
constant current-constant voltage charging method under condition of 4.2 V for the maximum charging voltage, where 
55 under condition of maintaining the temperature of the rechargeable battery at 25 ''C, the rechargeable battery was 
subjected to constant current charging at a charging current of 1 A until the battery voltage reached 4.2 V, followed by 
subjecting to constant voltage charging, whereby the rechargeable was full-charged. After this, the rechargeable banery 
was paused for a prescribed period of time, and thereafter, the rechargeable battery was subjected to discharging at 
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a discharging current of 0.2 C (= 0.26 A) to discharge an electricity quantity corresponding to a prescribed percentage 
(20% for Sample 1, 50% for Sample 2. and 80% for Sample 3) of the nominal capacity. In this case, the remaining 
capacities of Samples 1 to 3 must be 80%, 50%, and 20% respectively of the nominal capacity. 
[0367] Then, for each of Samples 1 to 3, a value of the remaining capacity thereof was detected In the following 

5 manner First, an open-circuit voltage (Voc) of each of Samples 1 to 3 after the discharging operation was measured. 
And with reference to the previously described relationship Q(Voc) of the remaining capacity (Q) and the open-circuit 
voltage (Voc) and the measured open-circuit voltage, a value of the remaining capacity of each of Samples 1 to 3 was 
detected. Thereafter, each of Samples 1 to 3 was subjected to discharging at a constant discharging current 0.2 C (= 
0.26 A), where the discharged quantity (the discharged electricity quantity) was measured in order to confirm that the 

10 detected remaining capacity value was correct. 

[0368] The measured open-circuit voltage values, the detected remaining capacity values and the measured dis* 
charged quantity values of Samples 1 to 3 which were obtained In the above are collectively shown in Table 2. 
[0369] Separately, using the equation [(the detected remaining capacity - the discharged quantity)/the nominal ca- 
pacity X 100] which makes it possible to obtain a proportion (%) as a detection precision index for the situation of the 

15 measured open-circuit voltage value, the detected remaining capacity value (obtained in accordance with the detecting 
method of the present invention) and the measured discharged quantity, a detection precision index was obtained for 
each of Samples 1 to 3. The results obtained are collectively shown In Table 2. 

[0370] From the results shown in Table 2, it is understood that the detection precision indexes of Samples 1 to 3 are 
harmonized with each other at a marked precision. Particularly, the values of the detection precision indexes indicate 
20 that an error between the detected quantity and the measured quantity is very small to be less than 1 % of the nominal 
capacity of the battery and therefore, the detection accuracy is quite high. 

Example 2 

25 [0371] In this example, as for an inspective rechargeable battery, there were provided three commercially available 
lithium ion rechargeable batteries (as Sample 1 , Sample 2, and Sample 3) having a diameter of 17 mm, a length of 67 
mm and a nominal capacity of 1300 mAh which are respectively In a paused state without having being subjected to 
charging or discharging. And these three inspective rechargeable batteries were detected with respect to their intemal 
state in accordance with the detecting method of the present invention. 

30 [0372] In Example A, for the normal commercially available lithium Ion rechargeable battery (having a diameter of 
1 7 mm, a length of 67 mm and a nominal capacity of 1 300 mAh) which Is corresponding to each of the three inspective 
rechargeable batteries (Sample 1 to Sample 3), there were acquired the characteristics-relative basic data of the re- 
lationship of the remaining capacity (Q) and the open-circuit voltage (Voc) and the function fonnulas Voc(Q) and Q 
(Voc) based on said basic data. 

35 [0373] In accordance with the procedures shown in FIG. 6, each of the three inspective rechargeable batteries (Sam- 
ples 1 to 3) was subjected to discharging at a discharging current of 0.2 C (= 0.26 A), followed by subjecting to constant 
current charging at a charging current of 0.2 C (= 0.26 A), where when the charged quantity became to be a prescribed 
percentage of the nominal capacity based on a charge-and-discharge Coulomb efficiency (20% for Sample 1 , 50% for 
Sample 2, and 80% for Sample 3), charging pulse was supplied to measure a battery voltage and an open-circuit 

40 voltage of the inspective rechargeable battery at this time. Then, with reference to the characteristics-relative basic 
data or the function formula Voc(Q) or Q(Voc) for the corresponding normal rechargeable battery and in accordance 
with the procedures shown in the chart of FIG. 6 of the detecting method according to the present invention, Samples 
1 to 3 were found to be not short-circuited and normal, and the remaining capacities of the inspective rechargeable 
batteries were detected. In this way, the remaining capacity value of each of the three inspective rechargeable batteries 

45 (Samples 1 to 3) engaged in the charging operation was detected. After the termination of the charging operation, each 
of Samples 1 to 3 was subjected to discharging at a constant discharging current 0.2 C (= 0.26 A), where the discharged 
quantity(the discharged electricity quantity) was measured in order to confirm that the detected remaining capacity 
value was correct. 

[0374] The measured open-circuit voltage values, the detected remaining capacity values and the measured dis- 
50 charged quantity values of Samples 1 to 3 which were obtained in the above are collectively shown in Table 3. 

[0375] Separately, as well as in Example 1 , using the equation [(the detected remaining capacity - the discharged 
quantity)/the nominal capacity x 100]. a detection precision index (%) was obtained for each of Samples 1 to 3. The 
results obtained are collectively shown in Table 3. 

[0376] From the results shown in Table 3, it is understood that the detection precision indexes of Samples 1 to 3 are 
55 hamnonized with each other at a marked precision. Particularly, the values of the detection precision indexes indicate 
that an error between the detected quantity and the measured quantity is very small to be less than 1% of the nominal 
capacity of the battery and therefore, the detection accuracy is quite high. 
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Example 3 

[0377] In this example, as for an Inspectlve rechargeable battery, there were provided nine commercially available 
lithium ion rechargeable batteries having a diameter of 1 7 mm, a length of 67 mm and a nominal capacity of 1 300 mAh 
5 which are respectively in a paused state without having being subjected to charging or discharging. And these nine 
inspective rechargeable batteries were detected with respect to their internal state in accordance with the detecting 
method of the present invention. 

[0378] In Example A, for the normal commercially available lithium ion rechargeable battery (having a diameter of 
17 mm, a length of 67 mm and a nominal capacity of 1300 mAh) which is corresponding to each of the nine Inspective 
10 rechargeable batteries, there were acquired the characteristics-relative basic data of the relationship between the 
battery temperature (T), the discharging current (Id), the battery voltage (Vd), and the remaining capacity (Q) of the 
normal rechargeable battery upon the discharging operation and the function formulas Vd(Q, Id, T) and Q(Vd, Id, T) 
based on said basic data. 

[0379] Each of the nine inspective rechargeable batteries was subjected to charging at a charging current of 0.2 C 
15 (- 0.26 A) under condition of maintaining the temperature of the rechargeable battery at 25 **C, where the rechargeable 
battery was full-charged. The nine inspective rechargeable batteries thus full-charged were divided into three groups 
(1) to (3) each comprising the three inspective rechargeable batteries. After this, the three inspective rechargeable 
batteries of each of Groups (1) to (3) were separately subjected to constant current discharging as will be described 
below, where with reference to the above-described characteristics-relative basic data or the above-described function 
20 formula Vd(Q, Id, T) or Q(Vd, Id, T) tor the corresponding normal rechargeable battery and in accordance with the 
procedures of the flow chart shown in FIG. 14, the three inspective rechargeable batteries of each of Groups (1 ) to (3) 
were found to be normal (see, SI 006 in FIG. 1 4), followed by detecting their remaining capacities (see, S1 007 in FIG. 
14). 

[0380] Particularly, the three inspective rechargeable batteries of Group (1 ) were separately subjected to discharging 
25 at a constant discharging current (Id) of 1 .0 C (= 1.3 A) under condition of maintaining the temperature (T) of the 
rechargeable battery at 25 **C. In this discharging operation, for one of the three inspective rechargeable batteries, at 
the time when the discharged quantity reached 260 mAh, the rechargeable battery was found to be normal, followed 
by detecting the remaining capacity value, where the battery voltage was measured; for one of the remaining two 
inspective rechargeable batteries, at the when the discharged quantity reached 650 mAh, the rechargeable battery 
30 was found to be normal, followed by detecting the remaining capacity value, where the battery voltage was measured; 
for the remaining inspective rechargeable battery, at the when the discharged quantity reached 1040 mAh, the re- 
chargeable battery was found to be normal, followed by detecting the remaining capacity value,where the battery 
voltage was measured. 

[0381] The three inspective rechargeable batteries of Group (2) were separately subjected to discharging at a con- 

35 stant discharging current (Id) of 0.2 C (= 0.26 A) under condition of maintaining the temperature (T) of the rechargeable 
battery at 0 ''C. In this discharging operation, for one of the three inspective rechargeable batteries, at the time when 
the discharged quantity reached 260 mAh, the rechargeable battery was found to be normal, followed by detecting the 
remaining capacity value, where the battery voltage was measured; for one of the remaining two inspective recharge- 
able batteries, at the when the discharged quantity reached 650 mAh, the rechargeable battery was found to be normal, 

40 followed by detecting the remaining capacity value, where the battery voltage was measured; for the remaining inspec- 
tive rechargeable battery, at the when the discharged quantity reached 1040 mAh, the rechargeable battery was found 
to be normal, followed by detecting the remaining capacity value, where the battery voltage was measured. 
[0382] The three inspective rechargeable batteries of Group (3) were separately subjected to discharging at a con- 
stant discharging current (Id) of 0.5 C (= 0.65 A) under condition of maintaining the temperature (T) of the rechargeable 

45 battery at 40 **G. In this discharging operation, for one of the three inspective rechargeable batteries, at the time when 
the discharged quantity reached 260 mAh, the rechargeable battery was found to be normal, followed by detecting the 
remaining capacity value, where the battery voltage was measured; for one of the remaining two inspective recharge- 
able batteries, at the when the discharged quantity reached 650 mAh, the rechargeable battery was found to be normal, 
followed by detecting the remaining capacity value, where the battery voltage was measured; forthe remaining inspec- 

50 tive rechargeable battery, at the when the discharged quantity reached 1 040 mAh, the rechargeable battery was found 
to be normal, followed by detecting the remaining capacity value, where the battery voltage was measured. 
[0383] After this, the three Inspective rechargeable batteries of each of Groups (1 ) to (3) were separately subjected 
to discharging under prescribed condition, where the discharged quantity (the discharged electricity quantity) of each 
rechargeable battery was measured in order to confirm that the detected remaining capacity value was correct. 

55 [0384] The measured battery voltage values, the detected remaining capacity values and the measured discharged 
quantity values of the nine Inspective rechargeable batteries which were obtained In the above are collectively shown 
in Table 4. 

[0385] Separately, as well as In Example 1 , using the equation [(the detected remaining capacity - the discharged 
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quantity)/the nominal capacity x 100], a detection precision index (%) was obtained for each of the nine inspective 
rechargeable battenes. The results obtained are collectively shown In Table 4. 

[0386] From the results shown in Table 4, it is understood that the detection precision indexes of the nine inspective 
rechargeable batteries are harmonized with each other at a marked precision. Particularly, the values of the detection 
precision indexes indicate that an error between the detected quantity and the measured quantity is very small to be 
less than 2% of the nominal capacity of the battery and therefore, the detection accuracy is quite high. 

Example 4 

[0387] In this example, as an inspective rechargeable battery, there was provided a commercially available lithium 
ion rechargeable battery having a diameter of 17 mm, a length of 67 mm and a nominal capacity of 1300 mAh which 
IS in a paused state without having being subjected to charging or discharging. And this inspective rechargeable battery 
was detected with respect to the internal state in accordance with the detecting method of the present invention. 
[0388] In Example A. for the normal commercially available lithium ion rechargeable battery (having a diameter of 
17 mm. a length of 67 mm and a nominal capacity of 1300 mAh) which is con-esponding the inspective rechargeable 
battery, there were acquired the characteristics-relative basic data of the relationship between the battery temperature 
(T). the discharging current (Id), the battery voltage (Vd). and the remaining capacity (Q) of the nomial rechargeable 
battery upon the discharging operation and the function formulas Vd(Q. Id, T) and Q(Vd, Id, T) based on said basic data 
[0389] Prior to detecting the internal state of the inspective rechargeable battery, the inspective rechargeable battery 
was subjected to a charging and discharging cycle procedure, where a cycle comprising a step (a) of charging the 
inspective rechargeable battery for 2.5 hours by a constant current-constant voltage charging method under condition 
of 4.2 V for the maximum charging voltage wherein under condition of maintaining the temperature of the rechargeable 
battery at 25 -C, the rechargeable battery Is subjected to constant current charging at a charging current of 1 A until 
the battery voltage reaches 4.2 V, followed by subjecting to constant voltage charging; a step (b) of pausing the re- 
chargeable battery for 20 minutes; and a step (c) of subjecting the rechargeable battery to constant current discharqinq 
at a discharging cun^ent of 650 mA (= 0.5 C = 0.65 A) until the battery voltage reaches 2.75 V; and a step (d) of pausinq 
the rechargeable battery for 20 minutes was repeated 200 times. 

[0390] The inspective rechargeable battery thus endured was subjected to charging in the same manner as the 
above step (a), followed by subjecting to constant current discharging at a discharging current of 0.5 C (= 0 65 A = 
650 mA) under condition of maintaining the temperature of the rechargeable battery at 25 ^'C. During this discharging 
operation, following the flow charts shown in FIGs. 14. 16 and 1 7, a discharging pulse current of 650 mA x 5 seconds 
was doubted to the constant discharging current to occur a change in the discharging cun-ent four times where the 
battery voltage was measured, a decrease coefficient D of the decreased electricity storable capacity and the increased 
internal resistance value were computed, and the remaining capacity value was detected with reference to the foregoing 
characteristics-relative basic data of the corresponding nomnal rechargeable battery or the foregoing function formula 
Vd(Q, Id, T) or Q(Vd, Id, T). 

[0391] After this, the inspective rechargeable battery was subjected to discharging at a constant discharging current 
0.2 C (= 0.26 A), where the discharged quantity (the discharged electricity quantity) was measured in order to confirm 
that the detected remaining capacity value was correct. 

[0392] The measured battery voltage values and the discharging current values are collectively shown in Table 5 
In Table 5, is the battery voltage value before the n-time change of the discharging current, V.. is the battery 
voltage value after thechange of the discharging current, which wascomputedfromthe equation V = V . 4- (V -V ) 
x e-t/x. |„^ is the discharging current value before the n-time change thereof, and l„, is the discharging cun-ent value 
after the n-time change thereof 
45 [0393] The computed decrease coefficient D. the computed internal resistance value, and the detected remaining 

capacityvalue,andthemeasureddischargedquantityvalueofthe inspective rechargeable battery which wereobtained 
in the above are collectively shown in Table 6. 

[0394] The increased internal resistance value shown in Table 6 is one computed by assuming that it can be ex- 
pressed by R' = a x R + b (where R is an Intemal resistance when the inspective rechargeable battery is normal and 
^ each of a and b is a constant). 

[0395] Separately, as well as in Example 1 , using the equation [(the detected remaining capacity - the discharged 
quantity)/the nominal capacity x 1 00], a detection precision indexes (%) was obtained for the inspective rechargeable 
battery. The result obtained is also shown in Table 6. 

[0396] From the results shown in Table 6, there were obtained a finding in that the remaining capacity computed in 
55 an error range of about 3.5% of the nominal capacity coincides with the practical remaining capacity. 

[0397] There was also obtained a finding in that according to the detecting method of the present invention even 
for an inspective rechargeable battery whose performance has been deteriorated, it is possible to detect the remainina 
capacity at a high precision. ^ 
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[0398] Separately, in this example, the number of times for the discharging current to be changed was made to be 
a minimum number (4 times) necessary for computing particularly the remaining capacity. However, even when the 
number of change times is increased, the computation of the remaining capacity can be perfomned at a high precision. 

Example 5 

[0399] In this example, the procedures of Example 1 were repeated, except that instead of the three inspective lithium 
ion rechargeable batteries, there were three commercially available nickel-metal hydride rechargeable batteries having 
an AA-size and a nominal capacity of 1550 mAh (as Sample 1 , Sample 2, and Sample 3) which are respectively in a 
paused state without having being subjected to charging or discharging. 

[0400] Separately, for a commercially available nomial nickel-hydride rechargeable product having a AA-size and a 
nominal capacity of 1 550 mAh which is corresponding to each of the three rechargeable batteries (Samples 1 to 3), in 
the same manner as in Example A, there were acquired the characteristics- relative basic data of the relationship of 
the remaining capacity (Q) and the open-circuit voltage (Voc) and the function formulas Voc(Q) and Q(Voc) based on 
said basic data. 

[0401] With reference to the above characteristics-relative basic data or the above function fonnula Voc(Q) orQ(Voc) 
for the con-esponding nonnal rechargeable battery and in accordance with the judging procedures shown in FIG. 3 of 
the detecting method according to the present invention, Judgment was performed for each of Samples 1 to 3. As a 
result, Samples 1 to 3 were found to be not short-circuited and normal. 

[0402] Then, each of the three inspective rechargeable batteries (Samples 1 to 3) was subjected to charging and 
discharging in the following manner. That is, each inspective rechargeable battery was charged a constant charging 
current of 31 0 mA for 7.5 hours, whereby the rechargeable battery was full-charged. After this, the rechargeable battery 
was paused for a prescribed period of time, and thereafter, the rechargeable battery was subjected to discharging at 
a discharging current of 0.2 C (= 31 0 mA), where an electricity quantity corresponding to a prescribed percentage (20% 
for Sample 1, 50% for Sample 2, and 80% for Sample 3) of the nominal capacity was discharged. In this case, the 
remaining capacities of Samples 1 to 3 must be 80%, 50%, and 20% respectively of the nominal capacity. 
[0403] Then, for each of Samples 1 to 3, a value of the remaining capacity thereof was detected in accordance with 
the procedures of the flow chart shown in FIG. 3 in the following manner. First, an open-circuit voltage (Voc) of each 
of Samples 1 to 3 after the discharging operation was measured. And with reference to the previously described rela- 
tionship Q(Voc) of the remaining capacity (Q) and the open-circuit voltage (Voc) and the measured open-circuit voltage, 
a value of the remaining capacity of each of Samples 1 to 3 was detected. Thereafter, each of Samples 1 to 3 was 
subjected to discharging at a constant discharging current 0.2 C, where the discharged quantity (the discharged elec- 
tricity quantity) was measured in order to confirm that the detected remaining capacity value was correct. 
[0404] The measured open-circuit voltage values, the detected remaining capacity values and the measured dis- 
charged quantity values of Samples 1 to 3 which were obtained in the above are collectively shown in Table 7. 
[0405] Separately, as well as in Example 1 , using the equation [(the detected remaining capacity - the discharged 
quantity)/the nominal capacity x 100): a detection precision index (%) was obtained for each of Samples 1 to 3. The 
results obtained are collectively shown in Table 7. 

[0406] From the results shown in Table 7, it is understood that the detection precision indexes of Samples 1 to 3 are 
hanmonized with each other at a marked precision. Particularly, the values of the detection precision indexes indicate 
that an error between the detected quantity and the measured quantity is very small and therefore, the detection ac- 
curacy is quite high. 

Example 6 

[0407] In this example, the procedures of Example 3 were repeated, except that instead of the nine commercially 
available lithium ion rechargeable batteries, there were provided nine nickel-metal hydride rechargeable batteries hav- 
ing a size of AA and a nominal capacity of 1550 mAh which are respectively In a paused state without having being 
subjected to charging or discharging. 

[0408] And these nine inspective rechargeable batteries were detected with respect to their internal state in accord- 
ance with the detecting method of the present invention. 

[0409] Separately, for a commercially available nomna! nickel-metal hydride rechargeable product having a AA-size 
and a nominal capacity of 1550 mAh which is corresponding to each of the nine inspective rechargeable batteries 
(Samples 1 to 9), in the same manner as in Example A, there were acquired the characteristics- relative basic data of 
the relationship between the battery temperature (T), the discharging cun-ent (Id), the battery voltage (Vd), and the 
remaining capacity (Q) of the nonnal rechargeable battery upon the discharging operation and the function fomiulas 
Vd(Q, Id, T) and Q(Vd, Id, T) based on said basic data. 

[0410] Each of the nine inspective rechargeable batteries (Samples 1 to 9) was subjected to charging at a charging 
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current of 0.2 C for 7.5 hours, where the rechargeable battery was full-charged. The nine inspective rechargeable 
batteries thus full-charged were divided into three groups (1 ) to (3) each comprising the three inspective rechargeable 
batteries. After this, the three inspective rechargeable batteries of each of Groups (1) to (3) were separately subjected 
to constant current discharging as will be described below, where with reference to the above-described characteristics- 
relative basic data or the above-described function formula Vd(Q, Id, T) or Q(Vd, Id, T) for the corresponding normal 
rechargeable battery and in accordance with the procedures of the flow chart shown In FIG. 14, the three inspective 
rechargeable batteries of each of Groups (1) to (3) were found to be normal (see, S1006 in FIG. 14), followed by 
detecting their remaining capacities (see, SI 007 in FIG. 14). 

[041 1 ] Particularly, the three inspective rechargeable batteries of Group (1 ) were separately subjected to discharging 
at a constant discharging current (Id) of 1 .0 C under condition of maintaining the temperature (T) of the rechargeable 
battery at 25 **C. In this discharging operation, for one of the three inspective rechargeable batteries, at the time when 
the discharged quantity reached 310 mAh, the rechargeable battery was found to be normal, followed by detecting the 
remaining capacity value, where the battery voltage was measured; for one of the remaining two inspective recharge- 
able batteries, at the when the discharged quantity reached 775 mAh, the rechargeable battery was found to be nomial, 
followed by detecting the remaining capacity value, where the battery voltage was measured; for the remaining inspec- 
tive rechargeable battery, at the when the discharged quantity reached 1240 mAh, the rechargeable battery was found 
to be normal, followed by detecting the remaining capacity value, where the battery voltage was measured. 
[0412] The three inspective rechargeable batteries of Group (2) were separately subjected to discharging at a con- 
stant discharging current (Id) of 0.2 C under condition of maintaining the temperature (T) of the rechargeable battery 
at 0 *C. In this discharging operation, for one of the three inspective rechargeable batteries, at the time when the 
discharged quantity reached 310 mAh, the rechargeable battery was found to be normal, followed by detecting the 
remaining capacity value, where the battery voltage was measured; for one of the remaining two inspective recharge- 
able batteries, at the when the discharged quantity reached 775 mAh, the rechargeable battery was found to be normal, 
followed by detecting the remaining capacity value, where the battery voltage was measured; for the remaining inspec- 
tive rechargeable battery, at the when the discharged quantity reached 1240 mAh, the rechargeable battery was found 
to be normal, followed by detecting the remaining capacity value, where the battery voltage was measured. 
[041 3] The three inspective rechargeable batteries of Group (3) were separately subjected to discharging at a con- 
stant discharging current (Id) of 0.5 C under condition of maintaining the temperature (T) of the rechargeable battery 
at 40 *»C. In this discharging operation, for one of the three inspective rechargeable batteries, at the time when the 
discharged quantity reached 310 mAh, the rechargeable battery was found to be normal, followed by detecting the 
remaining capacity value, where the battery voltage was measured; for one of the remaining two inspective recharge- 
able batteries, at the when the discharged quantity reached 775 mAh, the rechargeable battery was found to be normal, 
followed by detecting the remaining capacity value, where the battery voltage was measured; for the remaining inspec- 
tive rechargeable battery, at the when the discharged quantity reached 1240 mAh, the rechargeable battery was found 
to be normal, followed by detecting the remaining capacity value, where the battery voltage was measured. 
[041 4] After this, the three inspective rechargeable batteries of each of Groups (1 ) to (3) were separately subjected 
to discharging under prescribed condition, where the discharged quantity (the discharged electricity quantity) of each 
rechargeable battery was measured in order to confirm that the detected remaining capacity value was correct. 
[0415] The measured battery voltage values, the detected remaining capacity values and the measured discharged 
quantity values of the nine inspective rechargeable batteries which were obtained in the above are collectively shown 
in Table 8. 

[0416] Separately, as well as in Example 1 , using the equation [(the detected remaining capacity - the discharged 
quantity)/the nominal capacity x 100], a detection precision index (%) was obtained for each of the nine inspective 
rechargeable batteries. The results obtained are collectively shown in Table 8. 

[0417] From the results shown in Table 8. it is understood that the detection precision indexes of the nine inspective 
rechargeable batteries are hamionized with each other at a marked precision. Particularly, the values of the detection 
precision indexes indicate that an error between the detected quantity and the measured quantity is very small to be 
less than 2% of the nominal capacity and therefore, the detection accuracy is quite high. 

[0418] As being apparent from the results obtained in Examples 1 to 6, according to the detecting method for detecting 
internal state of a rechargeable battery, for any rechargeable battery regardless of whether it is in a normal state or in 
a deteriorated state, the remaining capacity (the presently stored electricity quantity) can be detected at an extremely 
high precision. This situation enables one to detect the actuation duration of an instrument in which a rechargeable 
battery is used as the power source. Further, it is possible to accurately detect an decreased in the electricity storable 
capacity of the rechargeable battery which relates the lifetime. 

[041 9] Separately, the present invention can be applied for various batteries in order to detect their internal states. 
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open-circuit voltage 
(V) 


detected remaining 
capacity (Ah) 


discharged quantity 
(Ah) 


(detected remaining 
capacity- discharged 
quantity )/nomina) 
capacity x 100(%) 


Sample 1 


4.008 


1 .0583 


1.0612 


-0.2231 


Sample 2 


3.817 


0.6633 


0.6712 


-0.6077 


Sample 3 


3.735 


0.2710 


0-2812 


-0.7846 



Table 3 





open-circuit voltage (V) 


detected remaining 
capacity (Ah) 


discharged quantity 
Ah) 


(detected remaining 

capacity- discharged 
capacity- discharged 
quantity)/nominal 
capacity x 100(%) 


Sample 1 


3.726 


0.2482 


0.2565 


-0.6385 


Sample 2 


3.811 


0.6368 


0.6465 


-0.7462 


Sample 3 


3.994 


1 .0333 


1 .0365 


-0.2482 
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Table 4 







Sample No. (V) 


battery voltage 


detected 


discharged 


(detected 










remain inn 

I wl 1 ICIII III IM 




r^mAininn 

1 CI 1 ICII 1 III lU 


5 








capacity (Ah) 




capacity- 
discharged 
qua nil lyy nominal 
capacityxlOO(%) 


10 


(1) 

1=1 .OC 


1 


3.733 


1 .0472 


1 .0367 


0.8077 




2 


3.549 


0.6458 


0.6467 


-0.0692 






3 


3.450 


0.2504 


0.2567 


-0.4846 


15 


(2) 

T=0*»C 
l=0.2C 


4 


3.730 


0.9338 


0.9458 


-1.1308 


5 


3.537 


0.5366 


0.5585 


-1 .6846 






6 


3.304 


0.1571 


0.1685 


-0.8769 




(3) 

l=0.5C 


7 


3.859 


1.0124 


1.0134 


-0.0769 


20 


8 


3.675 


0.6069 


0.6234 


-1.2692 




9 


3.575 


0.2263 


0.2334 


-0.5462 



Table 5 



temperature : 25* C 


VnO [V] 


Vm [V] 




Inl [A] 


first current change 


3.800 


3.577 


0.650 


1.300 


second current change 


3.750 


3.537 


0.650 


1.300 


third current change 


3.700 


3.521 


0.650 


1.300 


fourth current change 


3.650 


3.497 


0.650 


1.300 



Table 6 



detected remaining capacity according to the present invention(detected quantity) [Ah] 


0.8249 


actual discharged quantity [Ah] 


0.7791 


(detected remaining capacity - discharged quantity)/nominal capacityx 1 00(%) 


3.5231 


decrease coefficient D of decreased electricity storable capacity 


0.8764 


computed internal resistance R=a x R + b 


2.4973 xR-0. 1600 



Table 7 





open-circuit voltage 
(V) 


detected remaining 
capacity (Ah) 


discharged quantity(Ah) 


(detected quantity - 
discharged quantity)/ 
nominal capacityx 1 00 
(%) 


Sample 1 


1.320 


1 .2464 


1 .2483 


-0.1226 


Sample 2 


1.290 


0.7738 


0.7833 


-0.6129 


Sample 3 


1.243 


0.3131 


0.3183 


-0.3355 



58 



EP 1 158 306 A2 



Table 8 





Sample No. 


battery voltage (V) 


detected remaining 
capacity (Ah) 


discharged quantity 
(Ah) 


(detected 
remaining capacity- 
discharged 
quantity)/nominal 

l..rCI|JCIv»liy ^ IWy/O^ 


(1) 

1= 1.0C 


1 




1 1 R1 
1 . 1 O 1 o 


1 . \ DOJ? 






1 . 1 /O 


u.oo / 




-n 7R77 


3 


1 .114 


0.2319 


0.2339 


-0.1290 


(2) 

T= 0*»C 
1= 0.2C 


4 


1 .229 


1.1681 


1.1667 


0.0903 


5 


1.209 


0.6793 


0.7018 


-1.4516 


6 


1.168 


0.2388 


0.2367 


0.1355 


(3) 

T- 40*C 
1- 0.5C 


7 


1.241 


1.1971 


1 .2000 


-0.1871 


8 


1.220 


0.7273 


0.7350 


-0.4968 


9 


1.171 


0.2668 


0.2700 


-0.2065 



Claims 

1. A detecting method for detecting an internal state of an inspective rechargeable battery (B^), said internal state 
including a deterioration state, an electricity storable capacity, a remaining capacity, and an internal resistance of 
said inspective rechargeable battery (B^), 

said detecting method comprising: 

(1) a step in which basic data (BD) of characteristics of a normal non -deteriorated rechargeable battery (B^) 
as a reference rechargeable battery for said inspective rechargeable battery (Bg) are provided; and 

(2) a step in which for said inspective rechargeable battery (BJ, a voltage value or/and a current value thereof 
are measured, and the measured result is compared with said basic data (BD) obtained in said step (1 ) to Judge: 

(i) the inspective rechargeable battery (B^) is short-circuited, 

(ii) the intemal resistance of the inspective rechargeable battery (Bg) is increased, 

(iii) the electricity storable capacity of the inspective rechargeable battery (Bg) is decreased, 

(iv) the electricity storable capacity of the rechargeable battery (B^) is decreased and the internal resist- 
ance thereof is increased, or 

(v) the inspective rechargeable battery (B3) is normal. 

2. A detecting method for detecting an internal state of an inspective rechargeable battery (BJ, said intemal state 
including a deterioration state, an electricity storable capacity, a remaining capacity and an interna! resistance of 
said inspective rechargeable battery (BJ, 

said detecting method comprising: 

(1) a step in which basic data (BD) of characteristics of a normal non-deteriorated rechargeable battery (B^,) 
as a reference rechargeable battery for said inspective rechargeable battery (B^) are provided; and 

(2) a step in which for said inspective rechargeable battery (BJ, a voltage value or/and a current value thereof 
are measured, and the measured result is compared with said basic data (BD) obtained in said step (1 ) to judge: 

(I) the inspective rechargeable battery(Ba) is short-circuited, 

(ii) the intemal resistance of the inspective rechargeable battery (Bg) is increased, 

(iii) the electricity storable capacity of the inspective rechargeable battery (B^) is decreased, 

(iv) the electricity storable capacity of the rechargeable battery (B^) is decreased and the intemal resist- 
ance thereof is increased, or 

(v) the inspective rechargeable battery (B^) is nomnal, 
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after this judgment, a remaining capacity of the inspective rechargeable battery (B^) or a usable capacity 
thereof with which an instrument can be operated is computed. 

The detecting method according to claim 1 or 2, wherein said basic data (BD) are averaged basic data obtained 
by subjecting said normal non-deteriorated rechargeable battery (B^) to charging and discharging under yarious 
temperature conditions and at various rates of charge or discharge where the battery voltages, and the remaining 
capacities or the discharged electricity quantities of the normal rechargeable battery (B^) are measured and av- 
eraging the measured battery voltages and the measured remaining capacities or the measured discharged elec- 
tricity quantities of the normal rechargeable battery (Bj,). 

The detecting method according to claim 1 or 2, wherein said basic data (BD) are basic data previously obtained 
by way of computer simulation. 

The detecting method according to claim 3, wherein said basic data are obtained by way of computer simulation 
on the basis of said averaged basic data (BD). 

The detecting method according to claim 1 or 2. wherein the inspective rechargeable battery (nonnal non-deteri- 
orated rechargeable battery (BJ is judged of whether or nor it is short-circuited, then the inspective rechargeable 
battery (nonnal non-deteriorated rechargeable battery (Bg) is judged of whether or not the electricity storable ca- 
pacity of the battery is decreased or whether or not the internal resistance of the battery is increased. 

The detecting method according to claim 1 or 2, wherein: 

(1 ) the inspective rechargeable battery (BJ is judged to be short-circuited when the battery falls in any of the 
following cases (i) to (iv): 

(i) a case where when the inspective rechargeable battery (B^) is paused without subjecting to charging 
or discharging, the battery has a decrease with the passage of time in the open-circuit voltage, 

(ii) a case where upon charging, an increase in the battery voltage or open-circuit voltage of the inspective 
rechargeable battery (B^) is smaller than that of the normal rechargeable battery (B^) which is correspond- 
ing to the inspective rechargeable battery (BJ, 

(iii) a case where in comparison with the normal rechargeable battery (B^), the open-circuit voltage of the 
inspective rechargeable battery (Bg) is smaller than that of the normal rechargeable battery (BJ and a 
decrease in the battery voltage of the inspective rechargeable battery (Bg) upon discharging is greater 
than that of the normal rechargeable battery(Bpj), and 

(iv) a case where the internal resistance of the inspective rechargeable battery (Bg) is smaller than that 
of the nonnal rechargeable battery (B^); 

(2) when the inspective rechargeable battery (B^) is judged to be not short-circuited in the judgment (1) but it 
falls in any of the following cases (i) to (iii), the inspective rechargeable battery (Bg) is judged that the intemal 
resistance is increased: 

(i) a case where the open-circuit voltage of the inspective rechargeable battery (B^) is substantially the 
same as that of the normal rechargeable battery (B^) but an increase in the battery voltage of the former 
upon charging is greater than that of the latter, 

(ii) a case where the open-circuit voltage of the inspective rechargeable battery {Bg) is substantially the 
same as that of the nonmal rechargeable battery (BJ but a decrease in the battery voltage of the fonner 
upon discharging is greater than that of the latter, and 

(iii) a case where the internal resistance of the inspective rechargeable battery (BJ is greater than that 
of the nonnal rechargeable battery (BJ; 

(3) when the inspective rechargeable battery (B^) is judged to be not short-circuited in the judgment (1) but it 
falls in any of the following cases (i) and (ii), the inspective rechargeable battery (BJ is judged that the electricity 
storable capacity is decreased: 

(i) a case where an increase in the battery voltage of the inspective rechargeable battery (BJ upon charg- 
ing and an increase in the open-circuit voltage thereof after the charging are greater than those of the 
nonnal rechargeable battery (B„), and 
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(ir) a case where a decrease in the battery voltage of the inspective rechargeable battery (Bg) upon dis- 
charging and a decrease in the open-circuit voltage thereof after the discharging are smaller than those 
in a case where the inspective rechargeable battery (BJ is short-circuited but they are greater than those 
of the normal rechargeable battery {B„); and 

(4) when the inspective rechargeable battery (Bg) does not fall In any of the cases mentioned in the above 
judgments (1) to (3), it is judged to be normal. 

8. The detecting method according to claim 1 or 2, wherein said basic data (BD) include one or more of data or 
function formulas selected from those mentioned in the following (1) to (5): 

(1) for a non-deteriorated normal rechargeable battery, basic data of a relationship Voc(Q) or Q{Voc) of the 
open-circuit voltage (Voc) to the remaining capacity (Q) which are obtained by way of measurement orfunction 
formulas obtained on the basis of said data; 

(2) for said non-deteriorated normal rechargeable battery when it is in a full-charged state, basic data of rela- 
tionships between battery voltages (Vd) measured when the rechargeable battery is subjected to discharging 
at various battery temperatures (T) and at various discharging currents (Id), open-circuit voltages (Voc) meas- 
ured when the discharging is temporarily suspended, said discharging currents (Id) and said battery temper- 
atures (T) or a function fonnula Vd(Voc, Id, T) obtained on the basis of said data; and basic data or a function 
formula of a battery voltage-related function formula Vd(Q, Id, T) orQ(Vd, Id, T) obtained withreference to 
aforesaid data and aforesaid function formula and also with reference to the data or the function formula of 
the relationship Voc(Q) of the open-circuit voltage (Voc)to the remaining capacity which are described in the 
above (1); 

(3) internal resistance-related basic data computed from a relation expression Vd = Voc - Id x Rd or Rd = (Voc- 
Vd)/ld when the internal resistance of the normal rechargeable battery is made to be Rd in the above (2), or 
a function formula Rd(Voc, Id, T) or Rd(Vd, Id, T) obtained on the basis of said data, In addition, basic data or 
a function fonnula of an internal resistance- related function formula Rd(Q, Id, T) or Q(Rd, Id, T) obtained with 
reference to aforesaid data and aforesaid function formula and also with reference to the data or the function 
formula of the relationship Voc(Q) of the open-circuit voltage (Voc) which are described in the above (1); 

(4) for the above non-deteriorated normal rechargeable battery when the remaining capacity thereof is zero, 
data of relationships between battery voltages (Vc) measured when the rechargeable battery is subjected to 
charging at various battery temperatures (T) and at various charging currents (Ic), open-circuit voltages (Voc) 
measured when the charging is temporarily suspended, said discharging currents (Ic) and said battery tem- 
peratures (T) or a function formula Vc(Voc, Ic, T) obtained on the basis of said data, in addition, data or a 
function formula of a battery voltage-related function formula Vc(Q, Ic, T) or Q(Vc, Ic, T) obtained with reference 
to aforesaid data and aforesaid function formula and also with reference to the data or the function formula of 
the relationship Voc(Q) of the open-circuit voltage (Voc) which are described in the above (1); 

(5) internal resistance-related data computed from a relation expression Vc = Voc -i- ic x Rc or Rc = (Vc-Voc) 
/Ic when the internal resistance of the nomnal rechargeable battery is made to be Rc in the above (4), or a 
function formula Rc(Voc, ic, T) obtained on the basis of said data, in addition, data or a function fomnula of an 
internal resistance- related function formula Rc(Q, Ic, T) or Q(Rc, Ic, T) obtained with reference to aforesaid 
data and aforesaid function formula and also with reference to the data or the function fomnula of the relation- 
ship Voc(Q) of the open-circuit voltage (Voc) which are described in the above (1). 

9. The detecting method according to claim 1 or 2, wherein when the inspective rechargeable battery (B^) is in a 
paused state, a change with the passage of time in open-circuit voltage (Voc) thereof is measured; the inspective 
rechargeable battery (B^) is judged to be short-circuited when a decrease rate (-dVoc/dt) of the Voc is greater than 
a prescribed value Vq, that is, -dVoc/dt > Vq >0, and the inspective rechargeable battery (BJ is judged to be not 
short-circuited when said increase rate of the Voc is 0 ^ -dVoc/dt ^ Vq. 

10. The detecting method according to claim 8, wherein when the inspective rechargeable battery (BJ is in a paused 
state without subjecting to charging or discharging, with reference to the data or relation expression of the relation 
Q(Voc), a remaining capacity of said rechargeable battery is computed, 

11. The detecting method according to claim 8 or 10, wherein when the inspective rechargeable battery (B^) is in a 
paused state without subjecting to charging or discharging, said rechargeable battery is judged of whether the 
battery is nonmal or deteriorated by measuring a change with the passage of time in the open-circuit voltage (Voc), 
discharging an electricity quantity of a cun^ent value x a time t^ from the measured open-circuit voltage, and 



61 



EP1 158 306 A2 



measuring a battery voltage (V) of said battery duration until said discharging is terminated and an open-circuit 
voltage (Voc) of said battery after the temnination of the discharging. 

12. The detecting method according to claim 11 . wherein judgment of the inspective rechargeable battery (Bg) is per- 
formed as will be described below: 

(1) when a decrease rate (-dVoc/dt) of the open-circuit voltage (Voc) is greater than a prescribed value Vq, 
that is, -dVoc/dt > Vq >0, the inspective rechargeable battery (Bg) is judged to be not short-circuited; 

(2) when the inspective rechargeable battery (Bg) does not correspond to the above (1 ), with reference to the 
basic data mentioned in (1) of claim 8, a remaining capacity Qq = Q(Voco) when the open-circuit voltage of 
the normal rechargeable battery (B^) is VoCq is estimated and an open-circuit voltage Voc = Voc(Qo-qi) of the 
normal rechargeable battery is estimated when an electricity quantity is discharged from Qq, and when a 
difference between the open-circuit voltage Voc(Qo - qi) of the normal rechargeable battery (BJ and the 
measured open-circuit voltage Voc^ of the inspective rechargeable battery (BJ is fo ^ [Voc{Qo - qi) - Voc^] 
= U (^0 <^ < h) which is an allowable variation range of the characteristics of the normal rechargeable battery 
(Bn) as a product, the inspective rechargeable battery (B J is judged to be free of a decrease in the electricity 
storable capacity; and by assuming that transient characteristics of the battery voltage of the inspective re- 
chargeable battery at an initial stage when discharging for the inspective rechargeable battery is initiated can 
be expressed by an equation V = V., + (Vocq - V^) x e-*'^ (with V being a battery voltage, t being a discharging 
time, V-, being a battery voltage of the battery when the discharging time is extrapolated to infinity, and x being 
a time constant decided by an internal resistance or the like of the battery), in accordance with the battery 
voltage V to a measured discharging time and in accordance with said equation, a time constant x when the 
discharging is initiated at a discharging current 1^ from the open-circuit voltage Vocq and a battery voltage V^ 
are computed where when the internal resistance of the Inspective rechargeable battery is made to be R^, 
there is obtained an equation V^ = VoCq - I^ x or R-, = (Vocq - V-,)/l-|; in accordance with this equation, an 
internal resistance of theB^ inspective rechargeable battery (BJis estimated, and this internal resistance 

of the inspective rechargeable battery (BJ is compared with the internal resistance Rd(Voco, l-i, T)[or Rd 
(Oq, I^. T)] of the normal rechargeable battery (B„) which is obtained from the function fomnula Rd(Voc, Id, T) 
or Rd(QO, Id, T) mentioned in (3) of claim 8, where judgment is performed as will be described below, 

(i) when the internal resistance R^ of the inspective rechargeable battery (3^) Is substantially the internal 
resistance Rd(Voco, li, T) or Rd(Qo, h, T) of the normal rechargeable battery (Bp), in other words, when 
the internal resistance R^ of the inspective rechargeable battery (BJfalls In an allowable variation range 
of r^ ^ [R^ - Rd(Qo, l^, T)] ^ 12 (r-, < 0 < rg) for the normal rechargeable battery (B^) as a product, the 
inspective rechargeable battery (B3) is judged that it is nomial, and 

(ii) when the internal resistance R^ of the inspective rechargeable battery (B^) falls in a variation range of 
[Ri - Rd(Qo, l^,T)]> r2(0<r2), the inspective rechargeable battery (Ba) isjudgedthatthe internal resistance 
is increased; and 

(3) when the inspective rechargeable battery (BJ does not correspond to the above (1) and a difference 
between the open-circuit voltage Voc(Qo - q^) of the normal rechargeable battery (B„) and the measured open- 
circuit voltage Voc^ of the inspective rechargeable battery (BJ is in a range of [Voc(Qo - q^) - Voc^] > f ^ (0 < 
f^), the inspective rechargeable battery (B^) is judged that the electricity storable capacity is decreased. 

13. The detecting method according to claim 12, wherein in the judgment (2)-(ii) of claim 12, when the inspective 
rechargeable battery (Bg) is judged that the internal resistance is increased, for the inspective rechargeable battery, 
an electricity quantity q2 of a current value Ig x a time tg is discharged from the open-circuit voltage Voc^, where 
a battery voltage duration until the discharging operation is terminated and an open-circuit voltage V0C2 after the 
temnination of the discharging operation are measured, then by assuming that transient characteristics of the bat- 
tery voltage of the inspective rechargeable battery (BJ at a initial stage of the commencement of the discharging 
operation can be expressed by an equation V = V2 + (Voc^ - V2) x e'^'^ (with V being a battery voltage, t being a 
discharging time, Vg being a battery voltage of the battery when the discharging time t is extrapolated to infinity, 
and X being a time constant), in accordance with the battery voltage V to a measured discharging time and in 
accordance with said equation, a time constant x when the discharging operation is initiated at a discharging current 
I2 from the open-circuit voltage Voc-, and a battery voltage V2 are computed, then an internal resistance R2 of the 
inspective rechargeable battery at this time is computed from an equation V2 = Voc^ - 12 x R2 or R2 = (Voc^ - V2) 
/I2, successively by assuming that the internal resistance of the inspective rechargeable battery (BJ is increased 
from the internal resistance Rd(Q. Id, T) of the nomnal rechargeable battery (BJ to a x Rd(Q: Id, T) + b (where 
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each of a and b is a constant) and in accordance with an equation -[a x Rd(Qo, 1^, T) + b] = 0 (where each of 
a and b is a constant) and an equation -[a x Rd(Qo - q-f, T) + b] = 0 (where each of a and b is a constant) or 
an equation R2 -[a x Rd(Qi, Ig: T) + b] = 0 (where each of a and b is a constant) using = Qq - q^ = Q(Voc^), the 
constant a and the constant b are computed to estimate a value of the increased Internal resistance Rd' = a x Rd 
(Q, Id, T) + b. 

14. The detecting method according to claim 12, wherein in the judgment (3) of claim 12, when the inspective re- 
chargeable battery (B^) is judged that the electricity storable capacity is decreased, by assuming that the electricity 
storable capacity C of the inspective rechargeable battery Is D time the electricity storable capacity C of the normal 
rechargeable battery (where D is a constant and is 0< D < 1 ) and making the remaining capacity Qq' of the inspective 
rechargeable battery to be Qq* = Qq x D (where Qq is a remaining capacity of the normal rechargeable battery (B^), 
and D is a constant and is 0< D < 1) and with reference to the remaining capacity Qq of the normal rechargeable 
battery which is corresponding to the open-circuit voltage VoCq of the inspective rechargeable battery, the remaining 
capacity Qq' = Qq x D of the inspective rechargeable battery, the remaining capacity Q^ of the normal rechargeable 
battery which is corresponding to the open-circuit voltage Voc^ of the inspective rechargeable battery, and the 
remaining capacity Q^' = Qq' - q^ = Q,, x D of the inspective rechargeable battery and also with reference to function 
formulas Voc(Q) = Voc(Qq7D) = VoCq and Voc(Qi) = Voc(0//D) = Voc(Qo7D - q/D) = Voc^ which are obtained on 
the basis of the basic data mentioned in (1) of claim 8, a value of the constant D and a value of the remaining 
capacity Q^' = Qq' - q-j = Qi x D are estimated, where judgment of the inspective rechargeable battery is performed 
as will be described below, 

(i) when a difference between the internal resistance R^ computed in the (2) of claim 12 and an internal re- 
sistance Rd(QoVD, 1^, T) estimated from the above basic data falls in a range of r^ ^ [R^ - Rd(Qo'/D, 1^. T)] ^ 
rg (r^ < 0 <r2), the inspective rechargeable battery is judged that the internal resistance is not increased but 
the electricity storable capacity is decreased, and 

(ii) when said difference falls in a range of [R^ - Rd(Qo7D, I1, T)] > rg (0 < rg), the inspective rechargeable 
battery is judged that the internal resistance is increased and the electricity storable capacity is decreased; 

then, for the inspective rechargeable battery, an electricity quantity q^ of a current value 1^ x a time t^ is 
discharged from the open-circuit voltage Vocq, followed by discharging an electricity quantity q2 of a current value 
I2 x a time t2, where a battery voltage of the inspective rechargeable battery duration until the discharging operation 
is temninated and an open-circuit voltage V0C2 after the temnination of the discharging operation are measured, 
and by assuming that transient characteristics of the battery voltage of the inspective rechargeable battery at a 
initial stage of the commencement of the discharging operation can be expressed by an equation V = V2 + (Voc^ 
- Vg) X e *^^ (with V being a battery voltage, t being a discharging time, V2 being a battery voltage of the battery 
when the discharging time t is extrapolated to infinity, and x being a time constant), in accordance with the battery 
voltage V to a measured discharging time and in accordance with said equation, a time constant x when the 
discharging operation is initiated at a discharging current Ig from the open-circuit voltage Voc^ and a battery voltage 
V2 are computed, then an internal resistance R2 of the inspective rechargeable battery at this time is computed 
from an equation = Voc^ - I2 ^ ^^2 = (Voc^ - V2)/l2, successively by assuming that the internal resistance 
of the inspective rechargeable battery is increased from the internal resistance Rd(Q, Id, T) of the nomial recharge- 
able battery to a x Rd(Q, Id, T) + b (where each of a and b is a constant) and in accordance with an equation R^ 
-[ax Rd(Qo, l-i , T) + b] = 0 (where each of a and b is a constant) and an equation Rg -[a x Rd(Q^ , Ig, T) + b] = Rg 
-[a X Rd(Qo - q^/D. Ig, T) + b] = 0 (where each of a and b is a constant)[where Qq = QqVD, Q^ =^ Q^'- q^ = O^'/D, 
and Qq* and Q^' are a remaining capacity when the open-circuit voltage is Vocq and a remaining capacity when 
the open-circuit voltage is Voc^ respectively], the constant a and the constant b are computed to estimate a value 
of the increased internal resistance Rd' = a x Rd(QVD, Id, T) + b (where Q' is a true remaining capacity when the 
electricity storable capacity is decreased) of the inspective rechargeable battery, whereby a deteriorated state and 
a remaining capacity of the inspective rechargeable are capable of being detected. 

15. The detecting method according to claim 8 to 10, wherein for the inspective rechargeable battery which is in a 
paused state without subjecting to charging or discharging, after an open-circuit voltage Voc thereof is measured, 
charging for said rechargeable battery is started at a charging voltage Ic^ where a battery voltage Vc of the battery 
is measured, followed by charging an electricity quantity q^ of a time t^ x a charge-and-discharge efficiency Eff 
where the charging operation is terminated when the battery voltage of the battery becomes Vc^, where a change 
with the passage of time in the open-circuit voltage Voc of the battery is measured and a stable open-circuit voltage 
of the battery is made to be Voc^ . 
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16. The detecting method according to claim 8 or 10, wherein for the Inspective rechargeable battery which is in a 
paused state without subjecting to charging or discharging, after an open-circuit voltage Voc thereof is measured, 
charging for said rechargeable battery is started at a charging voltage Ic^ where a battery voltage Vc of the battery 
is measured, followed by charging an electricity quantity of a time t^ x a charge-and-discharge efficiency Eff 
where the charging operation is temninated when the battery voltage of the battery becomes Vc^, where an open- 
circuit voltage Voc^ of the battery after an elapse of a prescribed period of time is measured. 

17. The detecting method according to claim 15 or 16, wherein: 

(1) when the inspective rechargeable battery falls in any of the following cases (i) to (iii), the inspective battery 
is judged to be short-circuited; 

(i) a case where with reference to the basic data mentioned in (1) of claim 8, a remaining capacity Qq of 
the nomnal rechargeable battery when the open-circuit voltage of the normal rechargeable battery is Vocq 
is estimated, and when a difference between an open-circuit voltage Voc(Qo + q^) of the normal recharge- 
able battery which is estimated with reference to the basic data mentioned in (1 ) of claim 8 and the open- 
circuit voltage Voc^ of the inspective rechargeable battery falls in a range of [Voc(Qo + q^)-Voc^] > (g^ 
>0). 

(ii) a case where a difference between a battery voltage Vc(Qo + q^, Ic^, T) of the normal rechargeable 
battery which is estimated with reference to the basic data mentioned in (4) of claim 8 and the battery 
voltage Vc^ of the inspective rechargeable battery falls in a range of [Vc(Qo + q^, tc^, T) - Vc^] > ji d > 
0), and 

(iii) a case where a difference between an internal resistance Rc(VoCo, Ic, T) of the normal rechargeable 
battery which is estimated with reference to the basic data mentioned in (5) of claim 8 and an internal 
resistance Rc-j of the inspective rechargeable battery which is obtained in accordance with the equation 
Rc^ = (Vc^ - Voc^yic-i falls in a range of [Rc^ - Rc(Voci, Ic^, T)] < (z^ < 0); 

(2) when the difference between the open-circuit voltage Voc(Qo + qi) of the normal rechargeable battery and 
the open-circuit voltage Voc^ of the inspective rechargeable in the above (1)-{i) falls in a range of ^ [Voc 
(Qq + qi) - Voc^] ^ g-i {go < 0 < gi), the inspective rechargeable battery is judged that the electricity storable 
capacity is not decreased, then by assuming that transient characteristics of the battery voltage (Vc) of the 
inspective rechargeable battery at an initial stage when the charging operation for the battery is commenced 
can be expressed by the equation 

Vc = V^ - (V^ - VoCq) X e *'^ (with t being a charging time, V^ being a battery voltage of the battery when the 
charging time is extrapolated to infinity, and t being a time constant) and in accordance with the battery voltage 
Vc to a measured charging time t and in accordance with said equation, a time constant t when the charging 
operation Is initiated at a charging current Ic^ from the open-circuit voltage Vocq and a battery voltage V^ are 
computed, and a difference between an internal resistance Rc-j of the inspected rechargeable battery which 
is obtained in accordance with the equation V^ = Vocq ^ Ic^ x Rc^ or Rc^ = (V^ - Voco)/lc^ and an internal 
resistance Rc(Voco, Ic^, T) or Rc(Qo, Ic^, T) of the nonnal rechargeable battery which is estimated with refer- 
ence to the basic data mentioned in (5) of claim 8 is subjected to a judgment of the inspective rechargeable 
battery as will be described below; 

(i) when said difference falls in a range of ^ [Rc^ - Rc(Qo, Ic^, T)] ^ Zg (z^ < 0 <Z2) or a range of j^ ^ 
[Vci - Vc(Qo + qi, Ic^, T)] ^ jg Gi < 0 < jg), the inspective rechargeable battery is judged to be nomnal. 

(ii) when said difference falls in a range of [Rc^ - RcCQq, Ic-,, T)] > (0 kzq) or a range of j2 < [Vc^ - Vc 
(Qq + Qi. Ic, T)] (0 < jg), the rechargeable battery Is judged that the internal resistance Is increased, and 

(iii) when said difference falls in a range of [Voc(Qo + q^) - Voc^) <go (Qq < 0), the rechargeable battery is 
judged that the electricity storable capacity is decreased, 

whereby a deteriorated state and a remaining capacity of the inspective rechargeable battery is capable of 
being detected. 

18. The detecting method according to claim 17, wherein in the judgment (2)-(ii) of claim 17, when the inspective 
rechargeable battery is judged that the internal resistance is increased, for the inspective rechargeable battery 
which is in a paused state, charging is perfomried at least two times, that is, an electricity quantity q1 of a current 
value lci X a time t^ is charged from the battery voltage Vocq, followed by charging an electricity quantity q2 of a 
current value IC2 x a time tg where a battery voltage Vc of the inspective rechargeable battery duration until the 
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charging operation is terminated and an open-circuit voltage V0C2 of the Inspective rechargeable battery after the 
termination of the charging operation are measured, then by assuming that transient characteristics of the battery 
voltage of the inspective rechargeable battery at a initial stage of the commencement of the charging operation 
can be expressed by an equation Vc = Vg • (Vg - Voc^) x e-*^ (with Vc being a battery voltage, t being a discharging 
time, being a battery voltage of the battery when the discharging time t is extrapolated to infinity, and x being 
a time constant) and in accordance with the battery voltage V to a measured discharging time and in accordance 
with said equation, a time constant x when the charging operation is initiated at a discharging current IC2 from the 
open-circuit voltage Voc^ and a battery voltage Vg are computed, then an internal resistance Rc2 of the inspective 
rechargeable battery at this time is computed from an equation V2 = Voc^ + 103 x RC2 or RC2 = (V2 - Voc^)/lc2. 
successively by assuming that the Internal resistance of the inspective rechargeable battery is increased from the 
internal resistance Rc(Q, Ic, T) of the normal rechargeable battery to a x Rc(Q, Ic, T) + b (where each of a and b 
is a constant) and in accordance with an equation Rc^ -[a x Rc(Qo, Ic^, T) + b] = 0 (where each of a and b is a 
constant) and an equation Rc2-[a x Rc(Qo + q^, IC2,T) + b]= 0 (where each of a and b is a constant) or an equation 
Rc2 -(a X Rc(Qi , Icg, T) + b] = 0 (where each of a and b Is a constant) using = Q(Voc^), the constant a and the 
constant b are computed to estimate a value of the increased internal resistance Rc' = a x Rc(Q, Ic, T) + b, whereby 
a deteriorated state and a remaining capacity of the inspective rechargeable battery are capable of being detected. 

19. The detecting method according to claim 17, wherein in the judgment (2)-(iii) of claim 17, when the inspective 
rechargeable battery is judged that the electricity storable capacity Is decreased, by assuming that the electricity 
storable capacity C of the inspective rechargeable battery is D time the electricity storable capacity C of the normal 
rechargeable battery (where D Is a constant and is 0< D < 1 ) and making the remaining capacity Qq* of the inspective 
rechargeable battery to be Qq' = Qq x D (where Qq is a remaining capacity of the normal rechargeable battery, and 
D is a constant and is 0< D < 1 ) and with reference to the remaining capacity Oq of the normal rechargeable battery 
which is corresponding to the open-circuit voltage VoCq of the inspective rechargeable battery, the remaining ca- 
pacity Qq' = Qq X D of the inspective rechargeable battery, the remaining capacity of the normal rechargeable 
battery which is corresponding to the open-circuit voltage Voc^ of the inspective rechargeable battery, and the 
remaining capacity Q^' = Qq' - q-i = x D of the inspective rechargeable battery and also with reference to function 
fonnulas Voc(Qo) = Voc(QoVD) = Vocq and Voc(Q^) = Voc(Q-,VD) = Voc(Qo7D - q^/D) = Voc^ which are obtained 
on the basis of the basic data mentioned in (1) of claim 8, a value of the constant D and a value of the remaining 
capacity Q^* = Qq* - q^ = x D are estimated, where judgment of the inspective rechargeable battery is performed 
as will be described below, 



(i) when a difference between the internal resistance Rc^ computed in the (2) of claim 17 and an internal 
resistance Rc(Qq7D, Ic^, T) estimated from the above basic data falls in a range of ^ [Rc^ - Rc(Qq7D, Ic^, 
T)] m Z2 (z^ < 0 <Z2), the inspective rechargeable battery is judged that the internal resistance is not increased 
but the electricity storable capacity is decreased, and 

(ii) when said difference falls in a range of [Rc^ - Rc(QoVD, Ic^, T)J > Z2 (0 < Zg), the inspective rechargeable 
battery is judged that the internal resistance is increased and the electricity storable capacity is decreased; 



then, for the inspective rechargeable battery, an electricity quantity qg of a current value Icg x a time tC2 is 
charged from the open-circuit voltage Voc^ , where a battery voltage of the Inspective rechargeable battery duration 
until the charging operation is terminated and an open-circuit voltage Vocg after the tennination of the charging 
operation are measured, and by assuming that transient characteristics of the battery voltage of the inspective 
rechargeable battery at a initial stage of the commencement of the charging operation can be expressed by an 
equation Vc = V2 - (V2 - Voc^) x e**^ (with Vc being a battery voltage, t being a charging time. V2 being a battery 
voltage of the battery when the charging time t is extrapolated to infinity, and x being a time constant), in accordance 
with the battery voltage Vc to a measured charging time t and in accordance with said equation, a time constant 
T when the charging operation is initiated at a charging current IC2 from the open-circuit voltage Voc-, and a battery 
voltage V2 are computed, then an intemal resistance RC2 of the inspective rechargeable battery at this time is 
computed from an equation V2 = Voc^ + IC2 x RC2 or Rcj = (V2 - VocO/lcs, successively by assuming that the 
internal resistance of the inspective rechargeable battery is Increased from the internal resistance Rc(Qo'/D, Ic, T) 
of the normal rechargeable battery to a x Rc(Qo'/D, Ic, T) + b (where each of a and b is a constant) and in accordance 
with an equation Rc^-fa x Rc(Qq7D, ic^ , T) + b] = 0 (where each of a and b is a constant) and an equation RC2 -[a 
X Rc(QoVD + q^/D, IC2, T) + b] = 0 or an equation Rc2 -[a x Rd(Qi'/D. ICg. T) + b] = 0 (where each of a and b is a 
constant) using = Q^'/D = Q(Voc^), the constant a and the constant b are computed to estimate a value of the 
Increased internal resistance Rc' = a x Rc(Q7D, Ic, T) + b (where Q' is a true remaining capacity when the electricity 
storable capacity is decreased) of the inspective rechargeable battery, whereby a deteriorated state and a remain- 
ing capacity of the inspective rechargeable are capable of being detected. 
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20. The detecting method according to claim 1 or 2, wherein the inspective rechargeable battery is subjected to charg- 
ing and the charging operation is temninated at a battery voltage Vcg, where a change with the passage of time in 
the open-circuit voltage Voc ot the battery is detected. 

21 . The detecting method according to claim 1 or 2, wherein the inspective rechargeable battery is subjected to charg- 
ing and the charging operation is terminated at a battery voltage Vc^, where an open-circuit voltage Voc^ of the 
battery after an elapse of a prescribed period of time is detected. 

22. The detecting method according to claim 20, wherein a time t since the termination of the charging operation and 
an open-circuit voltage Voc of the inspective rechargeable battery at that time are measured, by making an open- 
circuit voltage of the inspective rechargeable battery when the open-circuit voltage Voc becomes to be a steady 
state to be Vocg and summing that the open-circuit voltage Voc can be expressed by an equation Voc = Voc^ + 
(Vcg - Vocg) X e'*^^ (with Voc being an open-circuit voltage, t being a time, VocE being an open-circuit voltage when 
the time t is extrapolated to infinity, and x being a time constant), in accordance with this equation and from the 
Voc values measured at a plurality of time points, a time constant t is computed and a value of the Voc^ is estimated. 

23. The detecting method according to claim 20 or 21 , wherein the inspective rechargeable battery is judged to be 
short-circuited when the inspective rechargeable battery falls in any of the following cases (i) and (ii); 

(i) a case where a change with the passage of time In the open-circuit voltage Voc of the inspective recharge- 
able battery, namely, a decrease rate (-dVoc/dt) of the open-circuit voltage is greater than that (v^) of the 
corresponding normal rechargeable battery, that is, -dVocE/dt> v^ > 0, and 

(ii) a case where the charge temnination voltage Vc^ of the inspective rechargeable battery is smaller than 
that (mj of the corresponding normal rechargeable battery, that is, Vc^ < m^ (0 < mj. 

24. The detecting method according to claim 1 or 2, wherein the inspective rechargeable battery is charged by a 
constant current-constant voltage charging method wherein the inspective rechargeable battery is charged at a 
prescribed constant current value until the battery voltage reaches a prescribed upper limit battery voltage Vc^ 
and following this constant current discharging operation, the inspective rechargeable battery whose battery volt- 
age is VCl is charged at a constant voltage VCl and after an elapse of a prescribed period of time, the charging 
operation is terminated, where the inspective rechargeable battery is judged with respect to internal state while 
comparing with a normal rechargeable battery corresponding to the inspective rechargeable battery and having 
been charged by the constant cun^ent-constant voltage charging method as will be described below: 

(1) when the inspective rechargeable battery falls in any of the following cases (i) to (iii), the inspective re- 
chargeable battery is judged to be short-circuited; 

(i) a case where a change (-dVoc^/dt) with the passage of time in the open-circuit voltage (Voc^) of the 
inspective rechargeable battery after full-charging in the constant current-constant voltage charging op- 
eration is greater than that (Vg) of the corresponding normal rechargeable battery, that is, -dVoc£/dt> Vg > 0, 

(ii) a case where the battery voltage (Vc^) of the inspective rechargeable battery when the entire charging 
operation is terminated is smaller than that (m^) of the corresponding normal rechargeable battery, that 
is, Vc^ < m^ (0 < m^,), and 

(iii) a case where an increase rate (dVc/dt) of the battery voltage (Vc) of the inspective rechargeable 
battery upon the constant current charging operation is smaller than that (Sq) of the corresponding normal 
rechargeable battery, that is, dVc/dt < Sq (0 < s^); 

(2) when an increase rate (dVc/dt) of the battery voltage (Vc) of the inspective rechargeable battery upon the 
constant current charging is greater than that (s^) the corresponding normal rechargeable battery, that is, dVc/ 
dt > Si > 0, and the open-circuit voltage (Voc^) of the inspective rechargeable battery after full-charging in the 
constant current- constant voltage charging operation Is smaller than that (Voc^) of the corresponding normal 
rechargeable battery, that is, 0 < VoCe < Voc^, the inspective rechargeable battery is judged that the intemal 
resistance is increased; 

(3) when a period of time consumed to reach the upper limit voltage (Vc^) from the prescribed battery voltage 
in the constant current charging operation for the inspective rechargeable batter is shorter than that for the 
corresponding normal rechargeable battery or an increase rate (dVc/dt) of the battery voltage (Vc) of the 
inspective rechargeable battery in the constant current charging is greater than that (si) of the corresponding 
nornial rechargeable battery, that is, dVc/dt > s^ > 0, and the open-circuit voltage (Voc^) of the inspective 
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rechargeable battery after full-charging in the constant current-constant voltage charging operation is greater 
than that (Voc^) of the corresponding normal rechargeable battery, that is , Vocg s Voc^ > 0, the Inspectlve 
rechargeable battery is judged that the electricity storable capacity is decreased; 

(4) when a period of time consumed to reach the upper limit voltage (VcJ from the prescribed battery voltage 
In the constant current charging for the inspective rechargeable batter is substantially the same as that for the 
corresponding normal rechargeable battery or an increase rate (dVc/dt) of the battery voltage (Vc) of the 
inspective rechargeable battery in the constant current charging operation is substantially the same as that 
(s^) of the corresponding normal rechargeable battery, that is, Sq ^ dvc/dt ^ s^ (0 < Sq < s^), and the open- 
circuit voltage (Vocg) of the inspective rechargeable battery after full-charging in the constant current-constant 
voltage charging operation is substantiafty the same as or greater than that (VocJ of the corresponding normal 
rechargeable battery, that is, 0 < Voc^ ^ Voc^, the inspective rechargeable battery is judged to be normal; 

whereby the internal state of the inspective rechargeable battery Is capable of being detected. 

25. The detecting method according claim 1 or 2, wherein when constant current charging for the inspective recharge- 
able battery is terminated by detecting a battery voltage thereof, a change with the passage of time in the battery 
voltage, a battery temperature of the battery or a change with the passage of time In the battery temperature, 

(1) when the inspective rechargeable battery falls in any of the following cases (i) to (iii), the inspective re- 
chargeable battery is judged to be short-circuited: 

(i) a case where a change (-dVoCg/dt) with the passage of time in the open-circuit voltage (Voce) of the 
inspective rechargeable battery after full-charging is greaterthan that (v^) of a nonnal rechargeable battery 
corresponding to the inspective rechargeable battery and having been subjected to the constant current 
charging in the same manner as the inspective rechargeable battery, that is, -dVoc^^dt > v^ > 0, 

(ii) a case where an increase rate (dT/dt) of the battery temperature (T) of the inspective rechargeable 
battery upon the constant current charging operation is greater than that (Uq) of the corresponding nonnal 
rechargeable battery, that is, dT/dt > Uq > 0, and 

(iii) a case where an increase rate (dVc/dt) of the battery voltage (Vc) of the inspective rechargeable 
battery upon the constant current charging operation is smaller than that (Sq) of the corresponding nonnal 
rechargeable battery, that is, 0 < dVc/dt < Sq; 

(2) when an increase rate (dVc/dt) of the battery voltage (Vc) of the inspective rechargeable battery upon the 
constant current charging operation is greater than that (s^) of the corresponding nonnal rechargeable battery, 
that is, dVc/dt > s^ >0, and an open-circuit voltage (Vocg) of the inspective rechargeable battery after the 
termination of the constant current charging operation is smaller than that (Voc„) of the corresponding normal 
rechargeable battery, that is, 0 < Voc^ < Voc^, the inspective rechargeable battery is judged that the internal 
resistance is increased; 

(3) when an increase rate (dVc/dt) of the battery voltage (Vc) of the inspective rechargeable battery during 
the constant current charging operation is greater than that (s^) of the corresponding normal rechargeable 
battery, that is, dVc/dt > s^ > 0, and an open-circuit voltage (Vocg) of the inspective rechargeable battery after 
the termination of the constant current charging operation is greater than that (Voc^) of the corresponding 
normal rechargeable battery, that is, Voc^ > Voc^ (0 < VoCn), the inspective rechargeable battery is judged 
that the electricity storable capacity is decreased; 

(4) when an increase rate (dVc/dt) of the battery voltage (Vc) of the inspective rechargeable battery during 
the constant current charging operation is substantially the same as that (s^) of the con-esponding normal 
rechargeable battery, that is, Sq ^ dVc/dt ^ s^ (0 < Sq < s^), and an open-circuit voltage (Voc^) of the inspective 
rechargeable battery after the temnination of the constant current charging operation is substantially the same 
as or greater than that (Voc„) of the corresponding nomnal rechargeable battery, that is, 0 < Voc„ ^ Vocg, the 
inspective rechargeable battery is judged to be normal; 

whereby the internal state of the inspective rechargeable battery is capable of being detected. 

26. The detecting method according to claim 1 or 2, wherein when constant current charging for the inspective re- 
chargeable battery is temnlnated after an elapse of a prescribed period of time since the commencement of the 
constant current charging or when the battery voltage of the inspective rechargeable battery reaches a prescribed 
upper limit voltage (VcJ, 
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(1) when the inspective rechargeable battery falls in any of the following cases (i) to (ill), the inspective re- 
chargeable battery is judged to be short-circuited: 

(1) a case where a change (-dVoc^/dt) with the passage of time in the open-circuit voltage (Voc^) of the 
inspective rechargeable battery after fuli-charging is greater than that (Vg) of a normal rechargeable battery 
corresponding to the inspective rechargeable battery and having been subjected to the constant current 
charging in the same manner as the inspective rechargeable battery, that is, -dVoc^/dt > 0, 

(ii) a case where a battery voltage (Vcg) of the inspective rechargeable battery upon the termination of 
the constant current charging operation is smaller than that (mg) of the corresponding normal rechargeable 
battery, that is, VcE < tuq (mQ > 0), and 

(iii) a case where an increase rate (dVc/dt) of the battery voltage (Vc) of the inspective rechargeable 
battery upon the constant current charging operation is smaller than that (Sq) of the corresponding normal 
rechargeable battery, that is, 0 < dVc/dt < Sq; 

(2) when an increase rate (dVc/dt) of the battery voltage (Vc) of the inspective rechargeable battery during 
the constant current charging operation is greater than that (s^) of the corresponding normal rechargeable 
battery, that is, dVc/dt > s-, >0, and an open-circuit voltage (Voc^) of the inspective rechargeable battery after 
the termination of the constant current charging operation is smaller than that (Voc„) of the corresponding 
normal rechargeable battery, that is, 0 < Vocg ^ VoCp,, the inspective rechargeable battery Is judged that the 
internal resistance is increased; 

(3) when an increase rate (dVc/dt) of the battery voltage (Vc) of the inspective rechargeable battery during 
the constant current charging operation is greater than that (s^) of the corresponding normal rechargeable 
battery, that is, dVc/dt > s^ > 0, and an open-circuit voltage (Vocg) of the inspective rechargeable battery after 
the termination of the constant current charging operation is greater than that (Voc^) of the corresponding 
normal rechargeable battery, that is, Voc^ > VoCp (0 < VoCn), the inspective rechargeable battery is judged 
that the electricity storable capacity is decreased; 

(4) when an increase rate (dVc/dt) of the battery voltage (Vc) of the inspective rechargeable battery during 
the constant current charging operation is substantially the same as that (s-,) of the corresponding normal 
rechargeable battery, that is, Sq ^ dVc/dt g s^ (0 < Sq < s^), and an open-circuit voltage (Voc^) of the inspective 
rechargeable battery after the temnination of the constant current charging operation is substantially the same 
as or greater than that (VoCp) of the corresponding normal rechargeable battery, that is, 0 < Voc^ ^ Voc^, the 
inspective rechargeable battery is judged to be normal; 

whereby the internal state of the inspective rechargeable battery is capable of being detected. 

27. The detecting method according to claim 1 or 2, wherein when the inspective rechargeable battery is in a state 
that it is being subjected to discharging, the inspective rechargeable battery is judged to be in a last stage where 
a residual electricity quantity capable of being discharged is little or to be short-circuited when the battery voltage 
is less than a prescribed voltage value from the basic data of a normal rechargeable battery corresponding to the 
Inspective rechargeable battery or when a decrease rate (-dVd/dt) of the battery voltage (Vd) is greater than a 
prescribed value (x^) from said basic data, that is, -dVd/dt > (0 < x^). 

28. The detecting method according to claim 1 or 2, wherein when the inspective rechargeable battery is in a state 
that it is being subjected to discharging, a discharging current (Idg) of the discharging operation and a battery 
voltage (Vd) of the inspective rechargeable battery are measured, where when the battery voltage (Vd) is greater 
than a prescribed voltage value the basic data of a normal rechargeable battery corresponding to the inspective 
rechargeable battery or when a decrease rate (-dVd/dt) of the battery voltage (Vd) is less than a prescribed value 
(x^) from said basic data, that is, 0 < -dVd/dt ^ x^, the inspective rechargeable battery Is judged to be nomial or 
to be in a deterioration mode other than short-circuit. 

29. The detecting method according to claim 28, wherein when the inspective rechargeable battery is in a substantially 
steady state while being subjected to discharging where a discharging current of the discharging operation is Ido, 
a battery temperature of the inspective rechargeable battery is T and a battery voltage of the inspective recharge- 
able battery is Vdg where a remaining capacity of the battery is Qq and after an electricity quantity q is discharged, 
the battery voltage of the inspective rechargeable battery in the steady state becomes to be Vd^ at a discharging 
current Id^, with reference to the basic data mentioned in (1) and (2) of claim 8, a battery voltage Vdg = Vd(Qo, 
Ido, T) and a remaining capacity Qq = Q(Vdo, Ido, T) of the nomrial rechargeable battery when the battery voltage 
is Vdo are estimated and a battery voltage Vd(Qo - q, Id^, T) when the remaining capacity becomes (Qo - q) from 
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Qq and a remaining capacity Q(Vdi , Id^, T) of the normal rechargeable battery when the battery current Is Id-, and 
the battery voltage is Vd-, are estimated, and the inspective rechargeable battery is subjected to a judgment as 
will be described below: 

(1) (i) when y^ ^[Vd^ - Vd(Qo - q, Id^, T)] ^ yg (y^ <0 <y2) or (ii) when w^ ^ 0{V6^, Id^, T) - [Vdo. Q(ldo, T) - 
q] ^ W2 (w^ < 0 < Wg), the inspective rechargeable battery is judged to be normal; 

(2) (i) when [Vd^ - Vd(Qo - q, Id^, T)] > yg (0 < yg) or (ii) when Q{Vdi, Id^. T) - [Q(Vdo, Ido, T) - q] > Wg (0 < Wg), 
the Inspective rechargeable battery Is judged that the internal resistance Is increased; and 

(3) (i) When [Vd^ - Vd(Qo - q, Id^, T)] < y, (y^ < 0) or (ii) when Q(ld^. Vd^, T) - [Q(ldo, Vdo. T) - q] < w^ (w^ < 
0), the inspective rechargeable battery is judged that the electricity storable capacity is decreased; 

whereby the internal state of the inspective rechargeable battery is capable of being detected. 

30. The detecting method according to claim 29, wherein tor the inspective rechargeable battery in the substantially 
steady state where the discharging current is a steady discharging current of and the battery voltage is V^o, 
when the discharging current is changed n-times (with n being a positive integer of 1 , 2, 3, 4, -••) such that the 
discharging current is changed to 1^^ from 1^ and an electricity quantity q^, of a current value l^-, x a time t^^ Is 
discharged and thereafter the discharging current is returned to the steady discharging current \^^, battery voltages 
(V) at a plurality of time points upon changes In the discharging current are measured and by assuming that 
transient characteristics of the battery voltage (V) when the discharging current is changed can be expressed by 
an equation V = V^^ + {V^o ' V^i) x e ^^^ (with t being a discharging time, V^^ being a battery voltage of the battery 
when the discharging time t is extrapolated to Infinity, t being a time constant, and n is a positive integer of 1 , 2, 
3, 4. - and in accordance with the measured battery voltages V to the time t since the time when the discharging 
current is changed and in accordance with said equation, the time constant x is estimated and a true value of the 

Is estimated, whereby the internal state of the rechargeable battery is detected. 

31. The detecting method according to claim 30, wherein in a case where the discharging current for the inspective 
rechargeable battery is changed at least three tinies such that when the battery voltage in the steady discharging 
at a discharging current l.,o is V-jq, the discharging current is changed to l^ and an electricity quantity q., of a current 
value l-ii X a time t^., from the battery voltage V.,0 is discharged where the battery voltage is changed to V20 trom 
V^o, then, the discharging current I20 the steady discharging is changed to Igi and an electricity quantity qg of 
a current value I21 x a time t2i is discharged from the battery voltage V20 where the battery voltage is changed to 
V3Q from V20, and the discharging current I30 of the steady discharging is changed to I31 and an electricity quantity 
qg of a current value Ig^ x a time t3., is discharged from the battery voltage V30 where the battery voltage is changed 
to V4Q from V30, wherein as a result that the discharging current l^^ of the steady discharging is changed to 1^^ and 
an electricity quantity q^ of a current value l„., x a time is discharged, when the inspective rechargeable battery 
is judged that the internal resistance is increased in (2) of claim 29, 

then, by assuming that the interna! resistance of the Inspective rechargeable battery is changed from the 
internal resistance Rd(Q, Id, T) of the corresponding normal rechargeable battery to an internal resistance Rd" 
(Q, Id, T) = a X Rd(Q, Id, T) + b (where each of a and b is a constant) and also assuming that transient 
characteristics of the battery voltage in every change in the discharging current can be expressed by an equa- 
tion V = V^., + (V^^, - Vni) X e *^ (with t being a discharging time, V^i being a battery voltage of the battery when 
the discharging time t is extrapolated to infinity, 1 being a time constant, and n is a positive integer of 1 , 2, 3, 
4. ."), in accordance with the measured battery voltages V to the time t since the time when the discharging 
current is changed and in accordance with said equation, the time constant t when the discharging current 
Ipo is changed to l^-i is estimated and a true value of the is estimated, 

further, an open-circuit voltage Voc^q of the inspective rechargeable battery having a remaining capacity Q^^ 
when the discharging current is and the battery voltage is expressed to be Voc^o = V^o + In© x Rd'(Qno, 
T) = V„, + lni X Rd'(Q„o> Ini. T)[where n = 1 , 2, 3, •..]. 

and when the remaining capacities when battery voltages are V^q- ^20* and V30 are made to be Q^q, Q20, and 
Q30, the following relationships are established: 

Q20 = Qio-qi 



Q30 = Q20-q2 = QlO-<?1 -^2 
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V20 - V21 = »2i X Rcl'(Q2o. "21 ' "0 - 120 X Rcl'(Q2o. «20» "0 



V30 " ^31 - '31 '31 • ^ ■ '30 

X Rd"(Q3o, I 

30' W 



Rd*(Qio, I10. T) = a X Rd{Q^o» No* "0 + b 



Rd'(Q^O' 111 . "0 = a X Rd(Q^o. I^^ . T) + b 



Rd'(Q2o. '20' T) = a X Rd(Q2o, I20' + b 



Rd*(Q2o> I21 . = a X Rd(Q2o. I21 . "0 + b 



Rd'{Q3o, I30' "0 = a X Rd(Q3o, Isq, T) + b 



Rd'CQao, lav T) = a X RdCQgo. I31 , T) + b 

(where each of a and b is a constant) 
by solving these equations, the constants a and b and the remaining capacity Q^o are estimated and a present 
remaining capacity Q30 and an internal resistance Rd'(Q= I, T) of the inspective rechargeable battery which is 
deteriorated to increase the internal resistance are estimated, whereby the internal state of the inspective 
rechargeable battery is detected. 

The detecting method according to claim 30, wherein in a case where the discharging current when the battery 
temperature is is changed at least four times from the steady discharging state such that when the battery voltage 
in the steady discharging at a discharging current I10 'S V^O' the discharging current is changed to l^^ and an 
electricity quantity q^ of a current value 1^ x a time t^^ from the battery voltage V^q «s discharged where the battery 
voltage is changed to Vgo from V^o. then the discharging current Igo of the steady discharging is changed to I21 
and an electricity quantity qg of a current value Igi x a time tgi is discharged from the battery voltage Vgo where 
the battery voltage is changed to V30 from Vgo, successively the discharging current I30 of the steady discharging 
is changed to I31 and an electricity quantity q3 of a current value I31 x a time is discharged from the battery 
voltage V30 where the battery voltage is changed to V40 from V30, finally the discharging current I40 of the steady 
discharging is changed to l^^ and an electricity quantity q4 of a current value x a time t4^ is discharged from the 
battery voltage V40 where the battery voltage is changed to V50 from V40, wherein as a result that the discharging 
current l^^ oi the steady discharging is changed to l^i and an electricity quantity q^ of a current value 1^1 x a time ^1 
is discharged, when the inspective rechargeable battery is judged that the electricity storable capacity is decreased 
in (3) of claim 29, 

then, the electricity storable capacity of the inspective rechargeable battery is assumed to be decreased from 
C to C = D X C (where D is a constant of 0 < D < 1), the remaining capacity of the inspective rechargeable 
battery is assumed to be decreased from the remaining capacity Q of the corresponding normal rechargeable 
to a remaining capacity Q' = D x Q, and the internal resistance of the Inspective rechargeable battery is as- 
sumed to be increased from the internal resistance Rd(Q, Id, T) of the corresponding nomial rechargeable 
battery to an internal resistance R'(Q, Id, T) = a x Rd(Q. Id, T) + b (where each of a and b is a constant), 
successively, it is assumed that transient characteristics of the battery voltage in every change in the discharg- 
ing current can be expressed by an equation V = V^i + (V^o - V^^) x e'^^ (with t being a discharging time, V^^ 
being a battery voltage of the battery when the discharging time t is extrapolated to infinity, x being a time 
constant, and n is a positive integer of 1 , 2, 3, 4, •••)• 
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in accordance with the measured battery voltages V to the time t since the time when the discharging current 
is changed and in accordance with said equation, the time constant t when the discharging current 1^ Is 
changed to 1^^ is estimated and a true value of the V^^^ is estimated, 

next, an open-circuit voltage Voc^o of the inspectlve rechargeable battery having a remaining capacity Q^^, 
when the discharging current is 1^^ and the battery voltage is V^q is expressed to be Voc^ = + Ino ^ Rd' 
(Q^, 1^. T) = -I- 1^, X Rd*(Q„^, l„, , T) [where n = 1 , 2. 3. ...], 

and when the remaining capacities when battery voltages are V^q- ^20» ^30» ^40 niade to be Q^q, Q20. 
Q30 and the following relationships are established: 
when Q = Q7D: 

Q2o' = Qio'-qi 

Q3o* = Q2o'-q2 = Qio'-qi-«i2 
Q40' = Q30 - ^3 = Q10* - qi - ^2 - 

when Q10 = Qio'/D. Q20 = (Q10' - Q30 = (Q10' " ^1 - QaVD, and Q40 = (Q10' - Qi * q2 " QsVD: 

V10 - = I11 X Rd'{Qio. '11 . T) - I10 ^ Rcl'(Qio. 'io> 

^20 " ^21 '21 ^ ^^'(^20' *21 ' ■ '20 20' 
^30 " ^31 = *31 ^ R^'(Q30' *31 » ^ " ^30 

xRd'(Q3o. 

'30' *f 

V40 - = X Rd'(Q4o, I41 . T) - 140 X Rd'(Q4o. I40. T) 
Rcl*(Qio. Uo» T) = a X Rd(Qio, I10. "0 + b 
Rd*(Q^o. I„ , T) = a X RdCQ^Q, l^^ , T) + b 
Rd'(Q2o» »20. T) = a X Rd(Q2o. I20. "0 + b 
Rd'(Q2o, I21 » "0 = a X Rd(Q2o, l?i . "0 + b 
R«i'(Q3o. l3o,T) = axRd(Q3o, 130,'n + b 
Rd'(Q3o. I31 . "0 - a X Rd(Q3o, I31 , T) + b 
Rd'(Q40. I40, T) = a X Rd(Q4o, U. T) + b 

Rcl'(Q4o. Ui , T) = a X Rd(Q4o, I41 , T) + b 
(where each of a and b is a constant) 
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By solving these equations, a value of each of the constants a and b, a value of the D, and a value of the 
Qio = Qio*^D estimated, and a value of the electricity storable capacity which is deteriorated to be D time 
and a value of the increased internal resistance are estimated, whereby the internal state of the inspective 
rechargeable battery is detected. 

33. The detecting method according to any of claims 30 to 32, wherein a current of Aid is intentionally flown so that 
the discharging current 1^^ becomes to be l^^ = 1^0 + Aid which is greater than the steady discharging current Ip^. 

34. The detecting method according to claim 33, wherein the discharging current Ip^ is less than a current value of 2C. 

35. The detecting method according to any of claims 12,17, 24, 25, 26, and 29^ wherein for the inspective rechargeable 
battery judged to be nomrial, the internal state thereof is detected as will be described below: 

(1) when the inspective rechargeable battery is in a paused state, using data or function formula of the rela- 
tionship Voc(Qo) = Vocq or Qq = Q(VoCo) derived from the open-circuit voltage (Vocq) of the inspective re- 
chargeable battery and the basic data mentioned in (1) of claim 8, a remaining capacity Oq of the inspective 
rechargeable battery is estimated; 

(2) when the inspective rechargeable battery is during it being subjected to charging, a remaining capacity of 
the inspective rechargeable battery is estimated by any of the following manners (i) to (iii): 

(i) by measuring a charging current for the inspective rechargeable battery during the charging operation, 
a battery temperature and a battery voltage of the inspective rechargeable battery and with reference to 
the basic data and the function formula Vc(Q, Ic, T) or Q(Vc, Ic, T) mentioned in (4) of claim 8, a remaining 
capacity of the inspective rechargeable battery Is estimated, 

(ii) the charging operation is temporarily suspended, where a charging time x and an open-circuit voltage 
Voc of the inspective rechargeable battery are measured to estimate a remaining capacity of the inspective 
rechargeable battery at that time, and 

(iii) by measuring a charging termination voltage Vc^ of the inspective rechargeable battery and an open- 
circuit voltage Vocg of inspective rechargeable battery after the termination of the charging operation and 
with reference to data or function formulas of a relationship \/c^(Q^, Ic, T) or Q{VC£, Ic, T) derived from 
the basic data or the function formulas mentioned in (4) of claim 8 or data or function fonnutas of a rela- 
tionship Voc (Qg) = Vocg or Qe = Q(Voce) derived from the basic data or function formulas mentioned in 
(1) of claim 8, a remaining capacity of the Inspective rechargeable battery is estimated; 

(3) when the inspective rechargeable battery is during it being subjected to discharging, a remaining capacity 
of the inspective rechargeable battery is estimated by any of the following manners (t) to (ii): 

(i) with reference to the function fomnula Vd(Q . Id, T) or Q(Vd. Id, T) mentioned in (2) of claim 8, a remaining 
capacity of the inspective rechargeable battery is estimated, and 

(ii) by estimating an internal resistance Rd of the inspective rechargeable battery and with reference to 
thefunction formula Q(Rd, Id, T) mentioned in (3) of claim 8, a remaining capacity the inspective recharge- 
able battery is estimated. 

36. The detecting method according to claim 18, wherein for the inspective rechargeable battery judged to free of 
short-circuit and of a decrease in the electricity storable but have an increase in the internal resistance, an increased 
internal resistance Rc'(Q, Ic. T) upon the charging operation is estimated and with reference to a relation expression 
Vc = Voc(Q) + Ic X Rc'(Q, Ic, T) of a relationship between the battery voltage, the open-circuit voltage Voc{Q), the 
charging current Ic, and the internal resistance Rc'(Q: Ic, T) upon the charging operation, a electricity storable 
capacity C of the inspective rechargeable battery upon the temiination of the charging operation is estimated from 
measured values of the charging current, battery voltage and open-circuit voltage upon the termination of the 
charging operation. 

37. The detecting method according to claim 13 or 31 , wherein for the inspective rechargeable battery judged to free 
of short-circuit and of a decrease in the electricity storable but have an increase in the intemal resistance, an 
increased intemal resistance Rd*(Q, Id, T) of the inspective rechargeable battery upon the discharging operation 
is estimated, and with reference to a relation expression Vd = Voc(Q) - Id x Rd'(Q, Id, T) of said increased intemal 
resistance [in said relation expression, Vd is a battery voltage, Voc{Q) is an open-circuit voltage, Q is a remaining 
capacity, Id is a discharging current, and Rd'(Q, Id, T) is said internal resistance] and also reference to a function 
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formula Vd = Vd(Q, Id, T) [where T is a battery temperature], a battery voltage (Vd), a discharging current (Id), 
and a battery temperature (T) of the inspective rechargeable battery are measured upon the discharging operation, 
and a remaining capacity (Q) of the inspective rechargeable battery is computed. 

5 38. The detecting method according to claim 19, wherein for the inspective rechargeable battery judged that the elec- 
tricity storable capacity is decreased, a decrease coefficient D (0 < D < 1) of the decreased electricity storable 
capacity is estimated, and 

(1 ) when the internal resistance of the inspective rechargeable battery is not decreased, the electricity storable 
capacity is estimated to be D time the nominal capacity of the corresponding normal rechargeable battery, and 

(2) when the internal resistance is increased, with reference to a relation expression Vc = Voc(Q) + !c x Rc* 
(Q, Ic, T) [where Vc is a battery voltage, Voc is an open-circuit voltage, Q is a remaining capacity, Ic is a 
charging current, and Rc'(Q, Id, T) is said increased internal resistance), a remaining capacity (Q) of the in- 
spective rechargeable battery is computed and the value of the computed Q upon termination of full-charging 

*5 is multiplied by D where the value obtained is estimated as an electricity storable capacity C* upon the termi- 

nation of the full-charging. 

39. The detecting method according to claim 14 or 32, wherein the inspective rechargeable battery is judged that the 
electricity storable capacity is decreased, and 

20 

(1) when the internal resistance of the inspective rechargeable battery is not decreased, a decrease coefficient 
D (0 < D < 1 ) of the decreased electricity storable capacity is estimated, and the electricity storable capacity 
of the inspective rechargeable battery is estimated to be D time the nominal capacity of the corresponding 
normal rechargeable battery, and 

25 (2) when the internal resistance is increased, the decrease coefficient of the decreased electricity storable 

capacity and the increased internal resistance upon the discharging operation are estimated as a function 
formula Rd'(Q, Id, T), and with reference to a relation expression Vd = Voc(Q) - Id x Rd'(Q, Ic, T) [where Vc 
is a battery voltage, Voc(Q) is an open-circuit voltage, Q is a remaining capacity, Ic is a charging current, and 
Rc'(Q, Id, T) is said Increased internal resistance] and also reference to a function formula Vd = Vd(Q, Id, T) 

50 [where T is a battery temperature], a battery voltage (Vd), a discharging current (Id), and a battery temperature 

(T) of the inspective rechargeable battery are measured upon the discharging operation to estimate an ap- 
parent remaining capacity (Q) of the inspective rechargeable battery, and the apparent remaining capacity (Q) 
is multiplied by D to obtain a remaining capacity Q' = O x Q as a true remaining capacity of the inspective 
rechargeable battery. 

35 

40. The detecting method according to any of claims 35, 36 and 38, wherein for the inspective rechargeable battery 
is during it being subjected to charging, a remaining capacity Q thereof is computed and a period of time until 
reaching a remaining capacity upon the temnination of the charging operation is computed. 

40 41 . The detecting method according to any of claims 35, 37, and 39, wherein for the inspective rechargeable battery 
is during it being subjected to discharging, after a remaining capacity Q thereof is computed and a remaining 
capacity O^y^^ of the inspective rechargeable battery when the battery voltage becomes to be a minimum actuation 
voltage V^j^ instrument in which the inspective rechargeable battery is used as the power source is computed, 
an usable capacity (Q - Qmin) the inspective rechargeable battery with which the instrument is still able to operate 

45 is computed. 

42. The detecting method according to claim 41 , wherein after the usable capacity (Q - Q^in) ^he inspective re- 
chargeable battery is computed, in accordance with an equation h = (Q - 0^^^f\ (where h Is an actuation time of 
the instrument, and i is an average consumptive current of the instrument) or h = (Vd V^in) x (Q - Q^j„)/2p (where 

50 p is an average consumptive power), a residual actuation time of the instrument is computed. 

43. The detecting method according to claim 8, wherein the temperature T is a temperature in a range of -30 **C to 
-1-80 •C. 

55 44. The detecting method according to claim 8, wherein the temperature T is a temperature in a range of -20 *C to 
-1-60 'C. 

45. The detecting method according to claim 11 , wherein the discharging current is a rectangular wave pulse current. 



73 



EP 1 158 306 A2 



46. The detecting method according to claim 15 or 16, wherein the discharging current is a rectangular wave pulse 
current. 

47. The detecting method according to claim 33, wherein the discharging current is a rectangular wave pulse current. 

48. The detecting method according to claim 33, wherein the changing discharging current comprises a pausing pulse 
with no discharging current. 

49. The detecting method according to claim 42, wherein the value of the average consumptive current or that of the 
average consumptive power is a value computed based on an operation pattern and a use frequency of the in- 
strument by a user. 

50. The detecting method according to claim 36 or 38, wherein when the acquired remaining capacity of the inspective 
rechargeable battery upon the termination of the charging operation is made to be C* and the nominal capacity of 
or the remaining capacity of the inspective rechargeable battery at a initial use stage is made to be the per- 
fonnance of the inspective rechargeable battery after having deteriorated is computed as a value of CVC or 100 
xC7C[%]. 

51. The detecting method according to claim 36 or 50. wherein when the perfomnance 100 x CVC [%] relating to the 
remaining capacity of the inspective rechargeable battery after having deteriorated becomes to be less than 60%, 
the inspective rechargeable battery is judged to be over the lifetime. 

52. The detecting method according to any of claims 1 to 51 , wherein the inspective rechargeable battery Is a re- 
chargeable battery in which oxidation-reduction reaction of lithium is used. 

53. The detecting method according to any of claims 1 to 51 , wherein the inspective rechargeable battery is a re- 
chargeable battery in which a hydrogen storage alloy is used in the anode of the battery. 

54. The detecting method according to any of claims 1 to 51 , wherein the inspective rechargeable battery is a re- 
chargeable battery in which a nickel hydroxide is used in the cathode. 

55. The detecting method according to any of claims 1 to 51 , wherein the inspective rechargeable battery is a nickel- 
cadmium rechargeable battery. 

56. The detecting method according to any of claims 1 to 51 , wherein the inspective rechargeable battery is a lead- 
acid rechargeable battery. 

57. A detecting device for detecting an internal state of a rechargeable battery in which the detecting method defined 

in any of claims 1 to 51 is adopted. 

58. The detecting device according to claim 57, comprising at least (i) a voltage-detecting means for detecting a voltage 
between a pair of temiinals of an inspective rechargeable battery, (ii) a current-detecting means for detecting a 
charging or discharging current flown in said inspective rechargeable battery, (lii) a temperature-detecting means 
for detecting a temperature of said inspective rechargeable battery, and (iv) a memorizing means for memorizing 
previously acquired basic data of a normal rechargeable battery which is the same kind and the same type of said 
inspective rechargeable battery or a function fomnula obtained by digitizing said basic data, wherein from said 
basic data or said function formula memorized in said memorizing means (iv) and information obtained from said 
voltage-detecting means (i), said current-detecting means (11) and said temperature-detecting means (lii), an in- 
ternal state of said Inspective rechargeable battery is detected. 

59. The detecting device according to claim 58 which further comprises a current-changing means for intentionally 
changing a current flown in the inspective rechargeable battery. 

60. The detecting device according to claim 59, wherein the current-changing means includes a means for adding a 
prescribed pulse current to the current flown In the inspective rechargeable battery. 

61. The detecting device according to claim 58 which further comprises a cun-ent flow change-detecting means for 
detecting a change In the current flown in inspective rechargeable battery. 
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62. The detecting device according to claim 58 which further comprises a wave fonn-processing means for processing 
a signal wave form outputted from each of the voltage-detecting means (I), the current-detecting means (II) and 
the temperature-detecting means (iii). 

5 63. The detecting device according to claim 58 which further comprises a operational means for processing the basic 
data and the infonmation obtained from each of the voltage-detecting means (i), the current-detecting means (ii) 
and the temperature-detecting means (iii). 

64. The detecting device according to claim 63, wherein the operational means has one or more means selected from 
10 the group consisting of (1) a computation means for computing at least either a remaining capacity or an internal 

resistance of the inspective rechargeable battery, (2) a computation means for computing an usable capacity of 
the Inspective rechargeable battery with which an instrument can be used and at least either an average consump- 
tive current or an average consumptive power which is consumed by said instrument, and (3) a computation means 
for computing at least either a time required until charging operation for the inspective rechargeable battery is 
15 tenminated or a remaining capacity of the inspective rechargeable battery after said charging operation is termi- 

nated. 

65. The detecting device according to claim 58 which further comprises a judging means for judging whether the 
inspective rechargeable battery is nonnal or deteriorated and also judging a deterioration mode when the inspective 

20 rechargeable battery is deteriorated. 

66. The detecting device according to claim 58 which further comprises a means for outputting at least either the 
information obtained from each of the voltage-detecting means (i), the current-detecting means (ii) and the tem- 
perature-detecting means (ill) or information relating to the internal state of the inspective rechargeable battery. 

25 

67. The detecting device according to claim 66 which includes an indication means for indicating at least either the 
information obtained from each of the voltage-detecting means (i), the current-detecting means (ii) and the tem- 
perature-detecting means (iii) or the infomnation relating to the internal state of the inspective rechargeable battery. 

30 68. A battery module comprising at least one rechargeable battery and which is provided with a detecting device 
defined in any of claims 57 to 67. 

69. The battery module according to claim 68 which has a communication means to an instrument. 

55 70. An instrument which is provided with a detecting device defined in any of claims 57 to 67. 

71 . The instrument according to claim 70 which has a communication means. 

72. A machine which is provided with a detecting device defined in any of claims 57 to 67. 

40 

73. The instrument according to claim 71 , wherein said instrument is a cellular phone or a personal digital assistant. 

74. The instrument according to claim 70, wherein said instrument is a computer. 
45 75. The machine according to claim 72, wherein said machine is a computer 

76. The machine according to claim 72, wherein said machine is a vehicle. 

77. The machine according to claim 72, wherein said vehicle is a machine having wheels. 

50 

78. The instrument according to claim 70, wherein said instrument is a charger to charge a rechargeable battery. 

79. The machine according to claim 72 which has a charger to charge a rechargeable battery. 

55 80. The instrument according to claim 70, wherein said instrument is an instrument for inspecting a rechargeable 
battery product whether it is good or not good. 

81. The machine according to claim 72, wherein said machine is a machine for inspecting a rechargeable battery 
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product whether it is good or not good. 

82. A power storage system having a detecting device defined in any of claims 57 to 67. 

83. A detecting program for detecting an Internal state of a rechargeable battery, having a detecting method defined 
In any of claims 1 to 56 installed therein. 

84. A memory medium having a detecting program defined in claim 83 therein. 

85. The detecting method according to claim 1 or 2, wherein two or more of the judgment items (i) to (v) are used in 
combination. 
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WHETHER UFETIME IS OVER 



S341 



T 



FROM R,-[axRd(Qo.lJ)+b]=0 AND 
R2-[axRd(Q(rqi/D. l2,T)+b]=0. 
COMPUTATION OF a AND b 
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THE INCREASED INTERNAL RESISTANCE WHEN 
THE ELECTRICITY STORABLE CAPACITY IS 
DECREASED IS MADE TO BE 
Rd' =axRd(Q' /D.Id.T)fb 
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S406 
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STORABLE 
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COMPUTATION OF 
REMAlNING^CAPAaTY 
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S415 
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rOETECHON OF THE INTERNAL STATE IS TERMINATED 

I UPON IHF CHARGING OPERATION 7 END 
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AFTER JUDGED THAT THE INTERNAL 
STATE IS INCREASED 



CHARGING OF qz (LzXtzxEff) AND 
MEASUREMENT OF BATTERY VOLTAGE Vc 
DURING THE CHARGING 
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MEASUREMENT OF V0C2 



S420 

(OMISSION IS 
POSSIBLE HERE) 



l/T 



FROM Vc=V2-(V2-VocO xe 
COMPUTATION OF r AND V2 



COMPUTATION OF Rc2=(V2-VocO/Tc2 ^SA22 



FROM Rci-{ax Rc(Qo.lci.T)+b|=0 AND 
Rc2-{a X Rc(Oo+qi,Ic2,T) + bJ=0. 
COMPUTATION OF a AND b 



'\^S425 



THE INCREASED INTERNAL RESISTANCE 
IS MADE TO BE 
Rc'=a X Rc(Q.lc,T)+b 



-^5424 



COMPUTATION OF REMAINING CAPACITY AND 
JUDGMENT OF WHETHER UFETIME IS OVER 
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COMPUTATION OF FULL-CHARGED QUANTITY 
AND TIME CONSUMED FOR THE CHARGING 
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AFTER JUDGED THAT THE ELECTRICITY 
STORABLE CAPACITY IS DECREASED 



,S427 



FROM Voc(Q«) =Voc(Qo'/D)=Voco AND Voc(Qi)=Voc(Qo'/Diqi/D)=Voc»,D JS COMPUTED 



1 



TRUE REMAINING CAPACITY OF Qr =Qo +qi=Q.xO IS COMPUTED 
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FROM Vc=Vi-(V.-Voco)xe"'^\COMPUTATION OF r AND Vi 
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JUDGED THAT ONLY THE ELECTRICITY 
STORABLE CAPACITY IS DECREASED 
(NO INCREASE IN THE INTERNAL 

RESISTANCE) 
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JUDGED THAT THE ELECTRICITY STORABLE 
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COMPUTATION OF REMAINING 
CAPAQTY AND JUDGMENT OF 
WHETHER UFETIME IS OVER 
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COMPUTATION OF 
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AND TIME CONSUMED 
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FROM Vc=Vj-(V?-Voci)xe 
COMPUTATION OF t AND V2 
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COMPUTATION OF Rc?=(V?- Voc»)/lc; 



FROM Rci-(axRc(Qc'/D.IcJ)+b]=0 AND 
Rcr-[axRc(Qo'/D+qi/D, Ic2,T)+b]=0, 
COMPUTAHON OF a AND b 
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THE INCREASED INTERNAL RESISTANCE miH 
THE ELECTRICITY STORABLE CAPACITY IS 

DECREASED IS MADE TO BE 
RC =axRc(Oi'/DJc.T)+b 
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S505 



FROM Voc=VocE+( Vce- Voce) x e"*^'. 
COMPUTATION OF r AND Voce 
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NOT 
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END 



DETECTION OF THE INTERNAL STATE 
IS TERMINATED UPON THE TERMINATION 
OF THE CHARGING 
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MEASUREMENT OF BATTERY VaTAGE Vc 
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MESUREMENT OF A CHANGE WITH 
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INTERNAL 
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COMPUTATION OF REMAINING 
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IS COMMENCED WHEN THE BATTERY IS ENGAGED 
IN CONSTANT CURRENT CHARGING 



i CONSTANT CURRENT CHARGINGK S801 
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S807 
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8816 



NORMAL 
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S814 
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STORABLE 
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DECREASED 



COMPUTATION OF 
REMAINING 
CAPAQTY 



I 



S820 



INTERNAL 
RESISTANCE IS 
INCREASED 



COMPUTATION OF REMAINING 
CAPACITY AND JUDGMENT 0FKS821 
WHETHER UFfTlMElSME- 
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OF A BATTERY WHEN THE BATTERY 
iS ENGAGED IN DISCHARGING 



START 



JL 



MEASUREMENT OF 
DISCHARGING CURRENT Ido 



AyS901 



MEASUREMENT OF A DECREASE 
RATE OF THE DISCHARGING 
CURRENT Vd 




A/S902 



^S904 



NOT SHORT-CIRCUITED 
AND THE LAST STAGE FOR 
THE DISCHARGING TO BE 
ABLE TO PERFORM 



S905 



SHORT-CIRCUITED 
OR THE DISCHARGING 
IS IN THE LAST STAGE 



DETECTION OF THE INTERNAL 
STATE UPON DISCHARGING 
IS TERMINATED 



END 
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DETECTION OF THE INTERNAL STATE 
Of A BATTERY IS COMMENCED WHEN 
THE BATTERY IS ENGAGED IN DISCHARGING 



MEASUREMENT OF DISCHARGING CURRENT 
ld(^ BATTERY VaTAGE Vd(^ 
AND BATTERY TEMPERATURE T 



I 



START 



,51001 



COMPUTATION OF Qo =Q[Voc(ld(i^Vd(^T)] 
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T 



MESUREMENT OF DISCHARGED 
ELECTRICITY QUANTITY q 



MESUREMENT OF ]d.,Vd..AND T 
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S1010 
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COMPUTATION OF REMAINING CAPAQTY 



I 



51 007 
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RESSTANCE 
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COMPUTATION OF USABLE CAPAQTY WITH 
WHICH AN INSTRUMENT CAN OPERATED 
AND DURATION FOR THE INSTRUMENT 
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ELECTRICITY 
STORABLE 
CAPAQTY IS 
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DETECTION OF THE INTERNAL STATE UPON 
THE DISCHARGING IS TERMINATED 
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END 
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AFTER aUDGED THAT INTERNAL RESISTANCE IS INCREASED 

5 ^$1012 

(EXECUTION OF INTERRUPT ROUTINE 1 DURING THE DISCHARGING (n=1)) 



I 



Vio.Vn.lio.ln. AND T ARE MEMORIZED 
I 



r 



S1013 
S10H 



MEASUREMENT OF DISCHARGED ELECTRICITY QUANTITY qi 



I 



S1015 

i 



CEXECUTION of INTERRUPT ROUTINE 1 DURING THE DISCHARGING (n=2)) 

V;o.V?i.l2o.l2i.T AND qi ARE MEMORIZED Y-^^^^\ 5 
i ' ^S1017 



MEASUREMENT OF DISCHARGED ELECTRICITY QUANTITY 



I 



S1018 

i 



CEXECUTION OF INTERRUPT ROUTINE 1 DURING THE DISCHARGING (n=3)) 



Vjo,V3i,l3o,l3t.T AND q? ARE MEMORIZED ^S1019 



I 



FROM Vio- 


-V,i=li.x |ax Rd(Oio,liiJ)+b| 






-Iiox|ax Rd(Qio.lio.T)+b(, 




V20- 


-V2,=i2t X |a X Rd(Qio.-qi.l2i.T)+b^ 


'x^S1020 




-I20X |ax Rd(Qio-qi,ho,T)+b|, 


V»- 


■V3i=l3j X |a X Rd(Qio-qi-q2,l3i.T)+b| 






-laox jax Rd(Qio-qi-q2.l3o,T)+b|, . 






a.b AND Qio ARE COMPUTED 


S1021 




t 





INCREASED INTERNAL RESISTANCE (DUE TO DETERIORAnON) Rd'=a xRd(Q.IDJ)+b 
AND PRESENT REMAINING CAPACITY (Qio-q.-q2 ) ARE ESTIMATED 

JUDGMENT OF WHETHER UFETIME IS OVERh-S1022 ^ $1Q23 



COMPUTATION OF USABLE CAPACITY WITH WHICH AN INSTRUMENT CAN 
OPERATED AND DURATION FOR THE INSTRUMENT CAPABLE OF BEING ACTUATED 
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AFTER JUDGED THAT THE ELECTRICITY STORABLE CAPACITY IS DECREASED 

Q ^S1024 



^EXECUnON OF INTERRUPT ROUTINE 1 DURING THE DISCHARGING (n=1)) 



I 



V.0, Vn.lio.ln. AND T ARE MEMORIZED 



S1025 



[ 



'^51026 

MEASUREMENT OF DISCHARGED ELECTRICITY QUANTITY pQ27 



I 



1 



CEXECUTION OF INTERRUPT ROUTINE 1 DURING THE DISCHARGING (n=2)) 
~ V20.V2U20.I21J AND Qi ARE MEMORIZED ~^ ^2my 
MEASUREMEN T OF DISCHARGED ELECTRICITY QUANTITY q2 f '^P 



I 



CEXECUTIQN OF INTERRUPT ROUTINE 1 DURING THE D ISCHARGING (n=3)) 



i 



V30.V3I.130.131.T AND q2 ARE MEMORIZED 

— -T- 



^S1031 
^31032 



MEASUREMENT OF DISCH ARGED ELECTRICITY QUANTITY q3 ^"j Sp^ 



T 



^EXECUTION OF INTERRUPT ROUTINE 1 DURING THE D ISCHARGING (n^ 



V40.V41.140.141.T AND Qi ARE MEMORIZED 



.31034 



FROM Vio-Vu=Inx |ax Rd(Qio.l)i.T)+b{ 

—110 A. |axRd(Oio.I,o.T)+b}. 
V2o-V2i=l2i X la X Rd(Q«)-qt/D,l2..T)+bj 

-I20X [ax Rd(Qio-qi/D,l2o.T)+b|. 
V3o-V3i=l3« x fa x Rd(Q.o-(q.+q2)/D.hi,T)+bj 

-Ijox |ax Rd(Qio-(qi+q2)/D.l3o.T)+bi, 
V«— V41=l41 X }a x Rd(Qio-(qt+q2+q3)/D.U..T)+bi 

-I40X ja X Rd(Oio-(qi+q2+q3)/D.U.T)+b|. 
a.b AND Q^o ARE COMPUTED 



31035 



S1036 



INCREASED INTERNAL RESISTANCE (DUE TO DETERIORATION) Rd'=a x fy(Q.ld.T)+b 
AND PRESENT REMAINING CAPACITY [D xQ.o-(qi+q2+q3)l ARE ESTlMATEDj 

riiirv/^iirkiT nr u/urTucD iirmur !Q OVFR K^S1037 ^31038 



jJUDGMENTOF WHETHER LIFETIME IS OVERr^S1037 ^ 



IrOMPUTATlON OF USABLE CAPACITY WITH WHICH AN INSTRUMENV CAN 
InprRATFD AND DURA-nON FOR THE INSTRUMENT CAPARI F OF RFING ACTUATED 
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THE INTERRUPT ROUTINE 1 DURING 
^THE DISCHARGING IS TERMINATED 
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